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METHODS FOR TREATING PAIN USING SMOOTH MUSCLE MODULATORS 
AND 0,5 SUBUNIT CALCIUM CHANNEL MODULATO^ 



FIELD OF THE INVENTION 
The invention relates to methods for treating pain, including neuropathic pain, 
nociceptive pain, chronic pelvic pain, and pain associated with specific disorders 
including interstitial cystitis, prostatitis, prostadynia, vulvar vestibuUtis, vulvodynia, 
functional abdominal pain syndrome, functional dyspepsia, and initable bowel 
syndrome using smootii muscle modulators and o^d subunit calcium channel 
modulators. 

BACKGROUND OF THE INVENTION 
Pain is one of the most common medical complaints in the U.S. and one of the 
most prevalanet resaons for patients to seek medical attention (see, e.g., Bartel J, 
Beasley J, Berry PH, et al. Approaches to Pain Management Oakbiook Terrace,' IL: 
Joint Commission on the Accreditation of Healthcare Organizations; 2003). 
According to a 1999 Gallup survey reported by the Arthritis Foundation, 89% of 
Americans age 1 8 or older suffer pain at least once a month, with 42% of adults 
experiencing pain every day (see "Pain in America: highUghts from a Gallup survey." 
Arthritis Foundation [Web site]. June 9, 1999). Pain also disproportionately affects 
women and the elderly, witii women more hkely to experience pain daily than men 
(46% versus 37%, respectively), and Americans aged 65 and older more likely to 
experience weekly pain than Americans aged 18 to 34 (75% versus 66%, 
respectively). 

Pain is often ti-eated by drug therapy, including analgesics, corticosteroids, 
nonsteroidal anti-inflammatory drugs (NSAlDs), antidepressants, topical anesthetics, 
local anesthetic injections, and electrical stimulation regimens. In particular, tricyclic 
antidepressants have been utilized to activate some of the descending pathways in the 
brain and spinal cord that provide analgesia, and opioids have been delivered directly 
to the cerebrospinal fluid for the treatment of pain in cancer patients. However, many 
ofthese tireatments have undesireable side effects that limit their usefWness. For 
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example, the side effects of opioids include the risk of respiratory depression, 
constipation, nausea, pruritis and sedation. In addition, opioids are psychologically 
and physically addictive. By contrast, nonsteroidal agents are associated with 
gastrointestinal upset, bleeding and kidney injury, while other agents and regimens 
5 may not provide adequate reUef for the severity and type of pain sought to be treated. 

Because existing therapies and treatments for pain have limited efficacy and 
are associated with side effects that result in reduced patient compliance, the present 
invention presents a significant advantage over these treatments via increased efficacy 
and decreased side effects. Because detrimental side effects are lessened, the present 
10 invention also has the benefit of improving patient compliance. 
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SUMMARY OF THE INVENTION 
Compositions and methods for treating pain, including neuropathic pain, 
nociceptive pain, chronic pelvic pain, and pain associated with specific disorders 
including interstitial cystitis, prostatitis, prostadynia, vulvar vestibuUtis, vulvodynia, 
fimctional abdominal pain syndrome, fimctional dyspepsia, and irritable bowel 
syndrome, are provided. Compositions of the invention comprise subunit calcium 
channel modulators in combination with one or more compounds with smooth muscle 
modulatory effects. According to the present invention, 0^5 subunit calcium channel 
20 modulators include GABA analogs (e.g., gabapentin and pregabalin), fiised bicycUc 
or tricycUc amino acid analogs of gabapentin, and amino acid compounds. 
Compounds with smooth muscle modulatory effects include antimuscarinics, p3 
adrenergic agonists, spasmolytics, neurokinin receptor antagonists, bradykinin 
receptor antagonists, and nitric oxide donors. Compositions of the invention mclude 
combinations of the aforementioned compounds as well as pharmaceutically 
acceptable, pharmacologically active acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metaboUtes, and derivatives thereof 

The compositions are administered in therapeutically effective amounts to a 
patient in need thereof for treating pain, including neuropathic pain, nociceptive pam. 
30 chronic pelvic pain, and pain associated with specific disorders including interstitial ' 
cystitis, prostatitis, prostadynia, vulvar vestibuUtis, vulvodynia, functional abdominal 
pain syndrome, functional dyspepsia, and irritable bowel syndixjme. It is recognized 
that the compositions may be administered by any means of administration as long as 
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an effective amount for the treatment of pain, including neuropathic pain, nociceptive 
pain, chronic pelvic pain, and pain associated with specific disoiders including 
interstitial cystitis, prostatitis, prostadynia, vulvar vestibuUtis. vulvodynia, functional 
abdominal pain syndrome, functional dyspepsia, and irritable bowel syndrome, is 
5 dehvered. The conq)ositions may be formulated, for example, for sustained, 
continuous, or as-needed administration. 

One advantage of the present invention is that at least one detrimental side 
effect associated with single administration of an 0^6 subunit calcium channel 
modulator or a smooth muscle modulator is lessened by concurrent administration of 
an 0:26 subunit calcium channel modulator with a smootii muscle modulator. When an 
0i28 subunit calcium channel modulator is administered in combination with a smooth 
muscle modulator, less of each agent is needed to achieve therapeutic efficacy. 
Because current treahnents for pain, including neuropathic pain, nociceptive pain, 
chronic pelvic pain, and pain associated with specific disorders including interstitial 
cystitis, prostatitis, prostadynia, vulvar vestibulitis, vulvodynia, functional abdominal 
pain syndrome, fimctional dyspepsia, and irritable bowel syndrome have limited 
efficacy and are associated with side effects that result in reduced patient compUance, 
the present invention presents a significant advantage over these treatments via 
increased efficacy and decreased side effects. Because detiimental side effects are 
lessened, the present invention also has the benefit of improving patient compUance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Figure 1 depicts the effect of cumulative increasing doses of 
oxybutynin (n=13). gab^entin (n=ll) and their matched combmations (e.g. Dose 1 
for the combination was 30 mg/kg gabapentin and 1 mg/kg oxybutynin; n=l 1) on 
bladder capacity m an irritative model. Data are normalized to saline controls and are 
presented as Mean ± SEM. 

Figure 2. Figure 2 depicts the effect of cumulative increasing doses of 
oxybutynin (n=13), gabapentin (n=l 1) and tiieir matched combinations (e.g. Dose 1 
for the combination was 30 mg/kg gabapentin and 1 mg/kg oxybutynin; n=l 1) on 



-3- 



wo 2004/084880 

p^^^g20O4/0G87OO 

bladder capacity in an irritative model (normalized to % Recovery fiom Irritation). 
Data are presented as Mean ± SEM. 

Figure 3. Figure 3 depicts the results of isobologram studies as determined by 
5 utiUzmg group means to determine effective doses. The common maximal effect for 
either drug alone was a return to 43% of saline control. The line connecting the two 
axes at the effective dose for each drug alone represents theoretical additivity. 

Figure 4. Figure 4 depicts the results of isobologram studies using a common 
10 maximal effect of individual animals using a return to 3 1% of saline control values. 
Data are presented as Mean ± SD. 

DETAILED DESCRIPTION OF THE INVENTION 
Overview and Definirirms 

15 The present invention provides compositions and methods for treating pain. 

The coinpounds and methods of the present invention may be used to treat any type of 
pain, including neuropathic pain, nociceptive pain, chronic pelvic pain, and pain 
associated with specific disorders such as interstitial cystitis, prostatitis, prostadynia, 
vulvar vestibuUtis, vulvodynia, functional abdominal pain syndrome, functional 
20 dyspepsia, and irritable bowel syndrome. The compositions comprise a 

therapeutically effective dose of a compound with smooth muscle modulatory effects 
in combination with an 0^5 subunit calcium channel modulator, such as gabapentin or 
pregabalin. Compounds with smooth muscle modulatory effects include, but are not 
limited to, antimuscarinics, P3 adrenergic agonists, spasmolytics, neurokinin receptor 
25 antagonists, bradj^nin receptor antagonists, and nitric oxide donors. The methods 
are accompUshed by administering, for example, a compound with smooth muscle 
modulatory effects, such as oxybutynin, in combination with an subunit calcium 
channel modulator and/or another compound that interacts with cciS subunit- 
containing calcium channels, such as gabapentin or pregabaUn. For tiiese methods, 
30 various compositions and formulations that contain quantities of a compound with' 
smooth muscle modulatory effects in combination with an cfeS subunit calcium 
chamiel modulator and/or other compounds that interact with OfeS subunit-containing 
calcium channels are encompassed. 
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Characterized by clinical assessment of pain in the pelvic region that is chronic in 
nature (J. Gunter, Obstet. Gynecol Surv., 58: 615-23 (2003)). 

By "neuropathic pain" is intended pain initiated or caused by direct injury to 
nerves in the peripheral or central nervous system. Neuropathic pain includes reflex 
5 sympathetic dystrophy, postherpetic neuralgia, which occurs in some patients after 
shingles, phantom Umb pain, and anesthesia dolorosa (pain in the absence of 
sensation) (Basbaum and JesseU (2000) The Perception of Pain. In Principles of 
Neural Science, 4th. Ed. pp. 472-491). By "neurogenic pain" is intended pain that 
originates in the nervous system. By "psychogenic pain" is intended chronic pain 
without definite organic pathology. Neuropathic and psychogenic pain may develop 
without impending tissue damage. Neuropathic pain typicaUy occurs following injury 
to elements of the nervous system involved in nociception, such as peripheral nerve 
injury, in which the lesions deafferent the nociceptive pathway. By "deafferentation 
pain" is intended pain that results fiom the removal of the afferent pain signal. By 
"referred pain" is intended pain from injury to a visceral organ that is displaced to 
another area of the body. ' 

Types of abnormal pain include allodynia, which is defined as a condition in 
which ordinarily nonpainful stimuli evoke pain, and hyperalgesia, which is defined as 
an excessive response to noxious stimuli. Hyperalgesia results both from peripheral 
sensitization of nociceptors and an increased excitabiUty of central nociceptive 
neurons (Craig and Sorkin (2001) Pain and Analgesia, hi Encyclopedia of Life 
Sciences. London: Nature Publishing Group, ht^:/www.els.net). hiflammatory 
hyperalgesia is involved in many diseases with symptomatic pain, including arthritis 
(Craig and Sorkin (2001) Pain and Analgesia. In E^icyclopedia of Life Sciences. 
London: Nature Publishing Group, http:/www.els.net). "Hypeipathia" is an 
exaggerated response to a painful stimulus in which the sensation of pain continues 
after tiie stimulation has ceased. 

By "prostatitis" is intended any type of disorder associated with an 
inflammation of the prostate, including chronic bacterial prostatitis and chronic non- 
bacterial prostatitis. By "non-painful prostatitis" is intended prostatitis involving 
sensations or symptoms, including mild or general discomfort, that a patient 
subjectively describes as not producing or resulting in pain. By "painful prostatitis' 
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intended prostatitis involving sensations or symptoms that a patient subjectively 
describes as producing or resulting in pain. 

"Chronic bacterial prostatitis" is used in its conventional sense to refer to a 
disorder associated with symptoms that include inflammation of the prostate and 
5 positive bacterial cultures of urine and prostatic secretions. "Chronic non-bacterial 
prostatitis" is used in its conventional sense to refer to a disorder associated with 
symptoms that mclude inflammation of the prostate and negative bacterial cultures of 
urine and prostatic secretions. "Prostadynia" is used in its conventional sense to refer 
to a disorder generally associated with painfiil symptoms of chronic non-bacterial 
1 0 prostatitis as defined above, without inflammation of the prostate. 

"Interstitial cystitis" is used in its conventional sense to refer to a disorder 
associated wifli symptoms that include irritative voiding symptoms, urinary 
frequency, urgency, nocturia, iid suprapubic or pelvic pain related to and reheved by 
voiding. 

15 "Vulvodynia" is used in its conventional sense to refer to a condition 

characterized by gynecologic syndrome characterized by unexplained vulvar pain, 
sexual dysfunction, and psychological disability. 

"Vulvar vestibuUtis" (also known as "vulvar vestibulitis syndrome," "focal 
vulvitis," and "vestibular adenitis") is used in its conventional sense to refer to a 
condition that is a subtype of vulvodynia characterized by: 1) pain on vestibular touch 
or attempted vaginal entry; 2) tenderness to Q-tip pressure locaUzed withm the vulvar 
vestibule; 3) physical findings confined to vestibular erythema of various degrees; and 
4) an exclusion of other causes for vestibular erythema and tenderness, such as 
candidiasis (yeast infections) or herpes infections. Other symptoms may include 
25 itching, swelling and excoriation. 

The terms "active agent" and "phannacologicaUy active agent" are used 
interchangeably herein to refer to a chemical compound that induces a desired effect. 
i.e., in this case, treatment of pain, mcluding neuropathic pain, nociceptive pain, 
chronic pelvic pain, as well as pam associated with specific disorders such as 
interstitial cystitis, prostatitis, prostadynia, vulvar vestibuhtis, vulvodynia, fimctional 
abdominal pain syndrome, fimctional dyspepsia, and irritable bowel syndrome. The 
primary active agents herein are 0:26 subunit calcium channel modulators and/or 
smooth muscle relaxants. The present invention comprises a therapy wherein a 
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smooth muscle modulator is administered in combination with an ot,b subunit calcium 
channel modulator. Combination therapy may be earned out by administration of the 
different active agents in a single composition, by concurrent administration of the 
different active agents in different compositions, or by sequential administration of 
5 the different active agents. The combination therapy may also include situations 
where the 0^6 subunit calcium channel modulator or the smooth muscle modulator is 
ahready being administered to the patient, and the additional component is to be added 
to the patient's drug regimen, as well as where different individuals (e.g., physicians 
or other medical professionals) are administering the separate components of the 
10 combination to the patient. Included are derivatives and analogs of those conq>ounds 
or classes of compounds specifically mentioned that also induce the desired effect. 

The term "<fe6 subunit calcium channel modulator" as used herein refers to an 
agent that is capable of interacting with the OfeS subunit of a calcium channel, 
including a binding event, including subtypes of the ofeS calcium channel subunit as 
15 disclosed in Klugbauer et al. (1999) J. Neurosci.l9: 684-691, to produce a 

physiological effect, such as opening, closing, blocking, up-regulating functional 
expression, down-regulating functional expression, or desensitization, of the channel. 

Unless otherwise indicated, the term ««z5 subunit calcium channel modulator'' is 
intended to include GABA analogs (e.g., gabapentin and pregabalin), fused bicycKc 

20 or tricyclic amino acid analogs of gabapentin, amino acid compounds, and other 
compounds that interact with the ofeS calcium channel subunit as disclosed further 
herein, as well as acids, salts, enantiomers. analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof Further, it is understood that any salts, esters, 
amides, prodrugs, active metabohtes or other derivatives are phaimaceutic^y 

25 acceptable as well as pharmacologically active. Gabapentin and pregabalin are 

preferred ofeS subunit calcium channel modulator for use in the methods of the present 
invention. 

The term *'peptidomimetic" is used in its conventional sense to refer to a 
molecule that mimics the biological activity of a peptide but is no longer peptidic in 
30 < chemical nature, including molecules that lack amide bonds between amino acids, as 
weU as pseudo-peptides, semi-peptides and peptoids. Peptidomimetics according'to 
this invention provide a spatial arrangement of reactive chemical moieties that closely 
resembles the three-dimensional anrangement of active groTq,s in the peptide on which 
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the peptidomimetic is based. As a result of this similar active-site geometry, the 
peptidomimetic has effects on biological systems that are similar to the biological 
activity of the peptide. 

The term "smooth muscle modulator*' as used herein refere to any compound 
> that inhibits or blocks the contraction of smooth muscles, including but not limited to 
antimuscarinics, ps adrenergic agonists, spasmolytics, neurokinin receptor 
antagonists, bradykinin receptor antagonists, and nitric oxide donors. Smooth muscle 
modulators can be "direct" (also known as "musculotropic") or "indirect (also 
known as "neurotropic"). "Direct smooth muscle modulators" are smooth muscle 
modulators that act by inhibiting or blocking contractile mechanisms within smooth 
muscle, including but not Umited to modification of the interaction between actin and 
myosin. "Indirect smooth muscle modulators" are smooth muscle modulators that act 
by inhibiting or blocking neurotransmission that results in the contraction of smooth 
muscle, including but not limited to blockade of presyn^tic facilitation of 
acetylcholine release at the axon temiinal of motor neurons terminating in smooth 
muscle. A preferred smooth muscle modulator for the present invention is 
oxybutynin. 

The term "antichoUnergic agent" as used herein refers to any acetylcholine 
receptor antagonist, including antagonists of nicotinic and/or muscarinic acetylcholine 
receptors. The tenn "antinicotinic agent" as used herein is intended any nicotinic 
acytylcholine receptor antagonist. The temi "antimuscaidnic agenf ' as used herein is 
intended any muscarinic acetylcholine receptor antagonist Unless otherwise 
indicated, the terms "anticholinergic agent," "antinicotinic agent," and 
"antimuscaiinic agent" are intended to include antichohnergic, antinicotinic, and 
antimuscaiinic agents as disclosed further herein, as weU as acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metaboUtes, and derivatives thereof. Further, 
it is understood that any acids, salts, esteis. amides, prodrugs, active metabolites or 
other derivatives are phaimaceuticaUy acceptable as well as pharmacologically active. 

The term "P3 adrenergic agonisf ' is used in its conventional sense to refer to a 
compound that binds to and agonizes p3 adrenergic receptora. Unless otherwise 
indicated, the term "P3 adrenergic agonist" is intended to include p3 adrenergic 
agonist agents as disclosed further herein, as well as acids salts, enantiomers, analogs, 
esters, amides, prodrugs, active metaboUtes. and derivatives thereof. Further, it is 
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understood that any acids salts^ esters, amides, prodrugs, active metaboUtes or other 
derivatives are phantiaceuticaUy acceptable as well as pharmacologically active. 

The term "spasmolytic" (also known as "antispasmodic") is used in its 
conventional sense to refer to a compound that reheves or prevents muscle spasms 
5 especiaUy of smooth muscle. Unless otherwise indicated, the term "spasmolytic" is 
intended to include spasmolytic agents as disclosed further herein, as well as acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof. Further, it is understood that any acids, salts, esters, amides 
prodrugs, active metaboUtes or other derivatives are pharmaceutically acceptabll as 
1 0 ' well as pharmacologically active. 

The term ' Wokinin receptor antagonisf is used in its conventional sense to 
refer to a compound that binds to and antagonizes neurokinin i^ceptoi^. Unless 
otherwise indicated, the term ' Wkinin receptor antagonist" is intended to include 
neurokmin receptdr antagonist agents as disclosed further herein, as well as acids 
15 salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof. Further, it is understood that any acids, salts, esters, amides 
prodrugs, active metabolites or other derivatives are phaimaceuticaUy acceptable as 
well as pharmacologically active. 

The term "bradykinin receptor antagonist" is used in its conventional sense to 
refer to a compound that binds to and antagonizes bradykinin receptors. Unless 
otherwise indicated, the term "bradykinin receptor antagonist" is intended to include 
bradykimn receptor antagonist agents as disclosed further herein, as well as acids 
salts, enantiomers, analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof. Further, it is understood that any acids, salts, esters, amides 
prodrugs, active metaboKtes or other derivatives are pharmaceutically acceptable as 
well as pharmacologically active. 

The term *«nitric oxide donor" is used in its conventional sense to refer to a 
compound that releases fiee nitric oxide when administered to a patient Unless 
otherwise indicated, the term "nitric oxide donor" is intended to include nitric oxide 
donor agents as disclosed further herein, as well as acids, salts, enantiomers. analogs 
esters, amides, prodrugs, active metabolites, and derivatives thereof. Further it is 
maderstood that any acids, salts, ester., amides, prodrugs, active metaboUtes or other 
denvatives are pharmaceutically acceptable as well as pharmacologically active. 
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The terms "treating" and 'treatmenf as.used hei«in refer to relieving pain 
including neuropathic pain, nociceptive pain, chronic pelvic pain, and pain associated 
with specific disorders such as interstitial cystitis, prostatitis, prostadynia, vulvar 
vestibuUtis, vulvodynia, functional abdominal pain syndrome, functional dyspepsia. 
5 and imtable bowel syndrome as described herein. 

By an "effective" amount or a "therapeuticaUy effective amount" of a drug or 
pharmacologically active agent is meant a nontoxic but sufficient amount of the drug 
or agent to provide the desired effect, i.e.. reUeving pain including neuropathic pain 
nociceptive pain, chronic pelvic pain, and pain associated with specific disorders sulh 
> as mterstitial cystitis, prostatitis, prostadynia, vulvar vestibulitis, vulvodynia, 
functional abdominal pain syndrome, fimctional dyspq,sia. and irritable bowel 
syndrome, as explained above. It is recognized that the effective amount of a drug or 
pharmacologically active agent will vary depending on the roUl« of administration the 
selected compound, and the species to which the drug or pharmacologically active 
agent is administered, as weU as the age, weight, and sex of the individual to which 
the drug or phannacologicaUy active agent is administered. It is also recognized that 
one of skill in the art wiU determine appropriate effective amomits by taking into 
account such factors as metabolism, bioavailability, and other factors that affect 
plasma levels of a dmg or pharmacologically active agent following administration 
withm the unit dose ranges disclosed fiirther herein for different routes of 
administration. 

By "phannaceuticaUy acceptable." such as in the recitation of a 
"pharmaceuticaUy acceptable carrier." or a «'pharmaceuticaUy acceptable acid addition 
salt" IS meant a material that is not biologicaUy or otherwise undesirable, i e the 
matenal maybe incorporated into a pharmaceutical composition administered to a 
patient without causing any undesirable biological effects or interacting in a 

deleterious mamier with any ofthe other componentsof the composition in which it is 
contamed. "PharmacologicaUy active" (or simply "active") as in a 

••pharmacologicaUy active" derivative or metabolite, refers to a derivative or 

metaboHte having the same type of pharmacological activity as the parent compound 

When the term "phamiaceutically acceptable" is used to refer to a derivative (e g a 

salt or an analog) of an active agent, it is to be understood that the compound is ' 

PharmacologicaUy active as weU. i.e.. therapeuticaUy effective for treating pain. 
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By "continuous" dosing is meant the chronic administration of a selected 
active agent. 

By "as-needed" dosing, also known as -pro re nata" '*pm" dosing, and "on 
demand" dosing or administration is meant the administration of a single dose of the 
5 active ageat at some time prior to commencement of an activity wherein suppression 
of pain would be desirable. Administration can be immediately prior to such an 
activity, including about 0 minutes, about 10 minutes, about 20 minutes, about 30 
minutes, about 1 hour, about 2 hours, about 3 hours, about 4 hours, about 5 hours 
about 6 hours, about 7 hours, about 8 hours, about 9 hours, or about 10 hours prior to 
10 such an activity, depending on the fonnulation. 

By "short-teim" is intended any period of time up to and including about 8 
hours, about 7 hours, about 6 hours, about 5 hours, about 4 hour., about 3 hours 
about 2 hours, about 1 hour, about 40 minutes, about 20 minutes, or about 10 minutes 
after drug administration. 

15 By "rapid-offset" is intended any period of time up to and including about 8 

hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours 
about 2 hours, about 1 hour, about 40 minutes, about 20 minutes, or about 10 mmutes 
after drag administration. 

The term "controUed release" is intended to refer to any drug-containing 
formulation in which release of the drug is not immediate, i.e., with a "controlled 
release" formulation, oral administration does not result in immediate release of the 
drug mto an absorption pool. The term is used interchangeably with "non-immediate 
release" as defined in Remington: The Science and Practice of Pharmacy, Twentieth 
Ed. (Philadelphia. Pa..: lippincott Williams & Willdns. 2000). 

The "absorption pool" represents a solution of the drug administered at a 
particular absorption site, and k,. and k. are first-order rate constants for: 1) release 
of the drug fiom the formulation; 2) absorption; and 3) elimination, respectively. For 
nnmediate release dosage fomis. the rate constant for drug release k. is far greater 
man the absorption rate constant k.. For controlled release formulations, the opposite 
IS true. r.e.. k, «< k,. such that the rate of release of drug from the dosage form is the 
rate-hmitmg stq, in the deUvery of dre dmg to the target area. lire term "controlled 
release" as used herein includes any nonimmediate release formulation, including but 
not hmrted to sustained release, delayed release and pulsatile release fomrulations. 
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The term "sustained release" is used in its conventional sense to refer to a drug 
formulation that provides for gradual release of a drug over an extended period of 
time, and that preferably, although not necessarily, results in substantially constant 
blood levels of a drug over an extended time period such as up to about 72 hours, 
5 about 66 hours, about 60 hours, about 54 hours, about 48 houra, about 42 hours, about 
36 hours, about 30 hours, about 24 hours, about 18 hours, about 12 hours, about 10 
hours, about 8 hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, 
about 3 hours, about 2 hours, or about 1 hour after drug administration. 

The temi "delayed release" is used in its conventional sense to refer to a drug 
10 formulation that provides for an mitial release of the drug after some delay following 
drug administration and that preferably, although not necessarily, includes a delay of 
up to about 10 minutes, about 20 minutes, about 30 minutes, about 1 hour, about 2 
hours, about 3 hours, about 4 hours, about 5 hours, about 6 hours, about 7 hours, 
about 8 hours, about 9 hours, about 10 hours, about 1 1 hours, or about 12 hours. 

The term '^pulsatile release" is used in its conventional sense to refer to a drug 
formulation that provides release of the drug in such a way as to produce pulsed 
plasma profiles of the drug after drug administration. The term "immediate release" 
is used in its conventional sense to rfefer to a drug formulation that provides for 
release of the drug immediately after drug administration. 

20 Th®*®™ "immediate release" is used in its conventional sense to refer to a 

drug formulation that provides for release of the drug immediately after drug 
administration. 

By the term "transdermal" drug dehvery is meant deUv^ by passage of a 
drug through the skin or mucosal tissue and into the bloodstream. 
25 The term "topical administration" is used in its conventional sense to mean 

deUvery of a topical drug or phaiiiacologicaUy active agent to the skin or mucosa. 

The term "oral administration" is used in its conventional sense to mean 
deUvery of a drug flirough the mouth and ingestion through the stomach and digestive 



15 



30 



tract 



The term "mhalation administration" is used in its conventional sense to mean 
delivery of an aerosolized form of the drug by passage through the nose or moufli 
during inhalation and passage of the drug through the walls of the lungs. 



-13- 



15 



20 



25 



30 



WO 2004/084880 

PCT/US2004/008700 

The tenn "intravesical administration" is used in its conventional sense to 
mean delivery of a drug directly into the bladder. 

By the tenn "parenteral" drug dehvery is meant deKvery by passage of a drug 
mto the blood stream without having to pass through the ahmentary canal or 
5 digestive tract. Parenteral drug dehvery may be "subcutaneous," refening to delivery 
ofadrug by administration under the sldn. Another formofparenteraldmgdeliven^ 
IS "intramuscular." referring to deUvery of a drug by administration into muscle 
tissue. Another form of parenteral drug delivery is "mtradennal," referring to 
dehvery of a drug by administration into the skin. An additional form of parenteral 
• dmg delivery is "intravenous," referring to deUvery of a drug by administration into a • 
vem. An additional fomi of parenteral dmg dehvery is "intra-arterial." referring to 
dehvery of a drug by administration into an artery. Another form of parenteral drug 
dehvery is "transdemial." referring to dehvery of a drug by passage of the drug 
throughtheskmandinto the bloodstream. Another form of parenteral drug dehvery 

rs-mtrathecal/' referring to delivery ofadrug directly into the into the intrathecal 
space (where fluid flows around the spmal cord). 

StiU another fomi of parenteral drug dehvery is "transmucosal," referring to 
admmistration of a drug to the mucosal surface of an mdividual so that the drug 
passes through the mucosal tissue and mto the individual's blood stream 

Transmucosal drug deUvery maybe 'Wal" or «transbuccal,"referring to dehvery of 
a drug by passage through an individual's buccal mucosa and into the bloodstream 
Another fomi of transmucosal drug dehvery herein is "Ungual" drug dehvery which 
refers to delivery of a drug by passage of a drug through an individual's Ungual 
mucosaandmtothebloodstream. Another form oftasmucosal drug deUvery herem 
IS -bUngual"drugdeUvery,whichreferstodeUveryofadrugbypassageofadnrg 
through an mdividual's subungual mucosa and into the bloodstream. Another form of 
transmucosal drug deUvery is '«nasal" or "intranasal" drug delivery, referring to 

dehveryofadrugthroughanmdividual'snasalmucosaandintothebloodstream An 
additional form of transmucosal drug deUvery herein is "rectal" or ' Wectal" drug 

dehvery.referring to dehvery ofadrugbypassageofadrug through an individual's 
rectal mucosa and mto the bloodstream. Another form of transmucosal drug deUvery 
is 'Urethral" or "transurethral" deUvery. referring to deUvery of the drug into the 
urethra such that the drug contacts and passes through the wall of the urethra. An 
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additional fom of transmucosal drug deUvery is 'Vaginal" or "transvaginal" deKvery, 
referring to delivery of a drug by passage of a drug through an individual's vaginal ' 
mucosa and into the bloodstream. An additional fonn of transmucosal drug delivery 
is ••perivaginal" deHvery, referring to deKvery of a drug through the vaginolabial 
5 tissue into the bloodstream. 

In order to carry out the method of the invention, a selected active agent is 
administered to a patient suffering from pain, including neuropathic pain, nociceptive 
pain, chronic pelvic pain, and pain associated with specific disorders such as 
interstitial cystitis, prostatitis, prostadynia, vulvar vestibulitis, vulvodynia, functional 
abdominal pain syndrome, functional dyspepsia, and irritable bowel syndrome. A 
therapeutically effective amount of the active agent may be administered orally, 
intravenously, subcutaneously, transmucosally (including buccally, sublinguaUy, 
transurethrally. and rectally), topically. tr^dermaUy, by inhalation, intravesically, 
intrathecally or using any other route of administration. 

Pain: Anatominal Rga js and Prop osed Mechanismc 

The compositions and methods of the invention are useful for treating pain 
mcluding neuropathic pain, nociceptive pain, chronic pelvic pain, and pain associated 
with specific disorders such as interstitial cystitis, prostatitis, prostadynia. vulvar 
vestibulitis, vulvodynia, functional abdominal pain syndrome, functional dyspepsia, 
and irritable bowel syndrome. Painistheperceptionof an aversive or unpleasant ' 
sensation and may arise tiirough a variety of proposed mechanisms. These 
mechanisms include direct activation of specialized sensory receptors (nociceptors) 
fliat provide information about tissue damage (nociceptive pain), or by direct injury to 
nerves in the peripheral or central nervous system (neuropathic pain), often occurring 
m diseases such as diabetes, or as a result of trauma or a toxic dose of drugs (see e g 
Basbaum and Jessell (2000) ITxe Perception of Pain. In Principles of Neural Scilnce, ' 
4th. ed. pp. 472-491); Benevento et at. (2002) Physical Therapy Journal 82:601-12). 
Some pain syndromes are associated with overactivity of tiie sympatiietic nervous 
system that occ^ following peripheral nerve injury. The resulting pain and 
sympathetic activity is tanned causalgia. 

Nociceptors are tiie free nerve endings specificaUy designed to detect pain. 
There are three main classes of nociceptors: thermal, which are activated by extreme 
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taniperature; mcchaaical. wbich are activated by i«t«ase p«^; and polymodal 
which are activated by a variety of mechanical, chemical or themial atimnU. Ner^e 
fibers can be classified into groups A (further divided into a, p,x, or 8) B orC 
dn,eodinguponfl»irsizeandwhetherornottheyaremyeIinated. Inglaaal plin 

5 ^^^"^"e carted by AS ore fibers. In some cases pain sensations may be ' 
transmitted by A|3 fibers. The them>al and mechanical nociceptors have smaU- 
diametcr. thinly myelinated A6 fibers, conducting signals at about 5-30 m/s. and are 
responsible for fl,e sensation of fast, shatp pain. The polymodal nociceptors have 
smaU-diameter, nomnyelinated C fibers that conduct signals much more slowly, at 
speeds less than 1 .0 m/s, leading to flte perception of pain that is more prolong«, 
duU. or aching (Basbaum and JesseU (2000) The Pen=eptio„ of Pain. In Principles of 
Neural Science, 4^ Ed pp. 472^91). In addition, silent nociceptor are present in 
flie vsceral organs. These rec^ton, are not normally activated by noxious 
Stimulation; however, inflammation and chemical insults may reduce the firing 

tosholdofthese.ecep,ors,potentiaUy leading ,0 secondary hyperalgesia and central 
sensrtization (Basbamn and Jessell (2000) The Pc^eption of Pain. In Principles of 
Neural Science, 4th. Ed. pp. 472-491). 

Free nerve endings transfer pain signals via the peripheral nerve to the c«„ral 
nervous system where synapses are made on second order neurons, which ften 
transmit the signal to the brain. IMs can occur in one of five ascending pathways: the 
spmoftalamtc, flae spinoteticular. the spinomesencephaUc, ^ cervicothalamio or the 
spmohypothalamie tract. The most prominent ascending pathway is tiie 
spinotiuOamictrac^inwhichtheaxonstenninateinthethatous. In the thalamus fl>e 
second orter neurons synapse on third order neurons in the ventral posten^lateral (or 
posteromedial) nucleus which project to tire cortex, where the pain is fl,en pK«essed 
wrdx regard to localization and ofl.er characteristics such as intensity and ,uaUty 

. Desc«dmg pathways also exist, which, when activated, inhibit dre incoming 
pam signals, ftereby suppressing pam tiansmission. Ttese systems mvolve the 
pcnaqueductal grey, tire dorsal raphe nuclei, locus ceruleus, and nuclei of the 
medullary reticular fonnation. Descending axons ftom the various mrclei run ti„ough 
tiie dorsolateral funiculus and synapse in the dorsal hom of tire spmal cord 

In addition to tirese centi^ comiections. it has been flreoriad that ottier 
projections fiom tire periphery may help to gate pain, lire gate control fl,eo,y of pain. 

" 16 - 
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for example, postulates that the large diameter sensory fibers iiAibit incoming small 
diameter fiber signals, e.g., that pain transmission is inhibited with the activation of 
large diameter A afferents which are activated by vibration (R. Melzack & P. WaU 
"Pain Mechanisms: A New Theory," Science: 150. 171-179. 1965). This is the reason 
) one shakes his or her hand when it is burned. It is also the basis for the use of 
transcutaneous electrical nerve stimulation (TENS) analgesia, a non-invasive ^ 
procedure in which electrical impulses fiom an external stimulator unit are appUed 
through electrodes placed on the skin to reduce the transmission of pain signals to the 
brain. 

Chronic pelvic pain has been estimated to affect \5% of women. (J Gunter 

Obstet. Gynecol. Surv., 58: 615-23 (2003)). Chronic pelvic pain is a syndrome that' 

results fi-om a complex interaction between neurologic, musculoskeletal, and 

endocrine systems that is further influenced by behavioral and psychologic fectors 

Traditional treatments include surgical intervention, but such treatment has limited 

efficacy, with results attributed to placebo response. Many patients require a 

combination of both pharmacologic and nonphaimacologic treatments in addition to 

vanous types of invasive procedures. (J. Gunter. Obstet. Gynecol. Surv., 58- 615-23 
(2003)). 

Pain- ni iiiical AssesRmf»nt 

The sensation of pain is subjective. It has been theorized that concentrations 
of excitatory and inhibitory neurotransmitters in the spinal cord and the brain may 
vary fi:om individual to individual in response to different stimuh. and maybe part of 
the basis for differences in the tolerance for pain among individuals, and even in the 
same individual over time. In any event, the tolerance for or threshold of pain is a 
dynamic process lhat depends on the organism's state (e.g.. minimal pain may be 
expenenced in certain injuries suffered by soldiers in battle). 

Diagnosis by the physician of the site and nature of the underlying pathology 
of pam depends ahnost entirely on historical infonnation provided by the patient 
regarding its location, the extent that it tends to radiate, its intensity, whether it is 
continual or recurring, the conditions or medications which tend to reduce or increase 
Its seventy, and various other factors CPain Management: Pathophysiology of Pain 
and Pain Assessment" (2003) American Medical Association Continuing Medical 
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Education Program). Mfonnation about the characteristics of apatient's pain is 
combmed with information from neurological and physical examinations and, if 
mdicated, correlated with radiographic and laboratory evaluation to determine the 
causeofthepainandtosuggestatreatmentapproach. However, the extent to which 

5 ^^derlyingetiologyforthepainshouldbesoughtdependsonthecontextofthe 
patient's ilMess. For example, laboratory and radiographic evaluation are usually 
appropnate in the case of acute pain and in cases of chronic pain that have- 1) not 

previously been adequately evaluated; 2)recently changed; or3)are now occurring in 
association with an evolving disease (e.g., cancer) ("Pain Management- 

10 Palhophysiology of Pain and Pain Assessment (2003) American Medical Association 
Contimung Medical Eduoadon Program). 

Pain assessment is compUcated by the ftct flmt differrtt patients may describe 
pam and its apparent sources in vastly different ways, or be virtuaUy enable to 
descnbe it adequately as to ^c site or nature. The pn=scripti«n of p„,per 
^ent. ofoou.se, 6epa^ „n an maderstanding of the underlying organic basis of 
the pam, and is particularly difficult with those patients who experience chrome pam 
symiromes. The distinction between acute and cht^uc or -persistenf pain is 
particularly relevant in the selection of effective analgesia, with acute pain 
characterized as recent onset wi* a relatively short duration, while chronic pain is 
-^oaUycharacterizedaspemstingformorethanSmonths. Quanti^ the intensity 
of pam xs also an e^ential part of initial and ongoing pain assessment, «Ki a variety of 
vahdated pain scales are avaUable to assist in the measurement of pain. Commonly 
used unidimensional scales include the Vert,al Rating Scale (VRS), the Numeric 
Rating Scale (NRS), a Visual Analog Scale (VAS), and a Pictorial Scale CTain 
Management: Pathophysiology of Pain and Pain Assessment- (2003) American 
Medical Association Continuing Medical Educati«> Program). Multidimensional 
pam scales mclude the McGin Pam Questiom»ire (MPQ); and the Memorial Pain 
Assessment Card; flie Brief Pam Inventory (BPI) CTain Management- 

Pathophysiology ofPainandPain Assessment" (2003) AmericanMedical Association 
Contmuing Medical Education Program). OccasionaUy, a patient may r«,uire a 

specral adjmactive assessment tool, meaning a validated tool develops! to quantify fte 

pam quaUties specific to disorders (e.g, postherpetic neuralgia, complex regional pain 

sj-drome, painiul diabetic neuropathy), and such tools mclude fl,e Neuropafluc Pam 
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Scale ("Pain Management: Pathophysiology of Pain and Pain Assessment (2003) 
American Medical Association Continuing Medical Education Program). 

Prostatitis and Prostadvnia 
5 Prostatitis and prostadynia are other lower urinary tract disorders that have 

been suggested to affect approximately 2-9% of the adult male population (ColUns M 
M, et al., (1998) •'How common is prostatitis? A national survey of physician visits " 
Journal of Urology, 159: 1224-1228). Prostatitis is associated with an inflammation 
of the prostate, and may be subdivided into chronic bacterial prostatitis and chronic 
non-bacterial prostatitis. Chronic bacterial prostatitis is thought to arise fiom bacterial 
infection and is generally associated with such symptoms as inflammation of the 
prostate, the presence of white blood cells in prostatic fluid, and/or pain. Chronic 
non-bacterial prostatitis is an inflammatory and pain&l condition of unknown 
etiology characterized by excessive inflammatory cells in prostatic secretions despite 
a lack of documented urinary tract infections, and negative bacterial cultures of urine 
and prostatic secretions. Prostadynia (chri,nic pelvic pain syndrome) is a condition 
associated with the painful symptoms of chronic non-bacterial prostatitis without an 
inflammation of the prostate. 

Currently, tiiere are no estabhshed treatments for prostatitis and.prostadynia. 
Antibiotics are often prescribed, but with little evidence of efficacy. COX-2 selective 
inhibitors and «-adrenergic blockers and have been suggested as troatments. but their 
efficacy has not been estabhshed. Hot sitz baths and anticholinergic drugs have also 
been employed to provide some symptomatic relief 

25 Interstitial CvstitiR 

Interstitial cystitis is another lower urinary tract disorder of unknown etiology 
that predominantly affects young and middle-aged females, although men and 
children can also be affected. Symptoms of interstitial cystitis may include irritative 
voidmg symptoms, urinary frequency, urgency, nocturia and suprapubic or pelvic 
pain related to and reheved by voiding. Many interstitial cystitis patients also 
experience headaches as weU as gastrointestinal and skin problems. In some extreme 
cases, interstitial cystitis may also be associated with ulcers or scars of the bladder. 
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Past treatments for interstitial cystitis have included the administration of 
antihistamines, sodium pentosanpolysulfate, dimethylsulfoxide, steroids, tricycUc 
antidepressants and narcotic antagonists, although these methods have generally been 
unsuccessful (Sant, G. R. (1989) Interstitial cystitis: pathophysiology, clinical 
j evaluation and treatment. Urology Annal 3: 171-196). 

Vulvodvnia and Vulvar Vestibulitis 

Vulvodynia and vulvar vestibulitis have been etiologically and pathologically 
linked to such lower urinary tract disorders as interstitial cystitis (See Selo-Ojeme et 
al. (2002) Int. Urogynecol. J. Pelvic Floor Dysjunction 13: 261-2; Metts {20QV) Am. 
Fam. Physician SA: 1199-206; Wessehnain (2001) World J. Urol. 19: 180-5; Parsons 
et al. (2001) Obstet. Gynecol. 98: 127-32; Heim (2001) Am. Fam. Physician 63: 1535- 
44; Stewart e/ai (1991) J. R^rod. Med. 42: 131-4; Fitzpatiick^a/. (\993) Obstet. 
Gynecol. 81: 860-2). Vulvar vestibuHtis syndrome (herein 'Vulvar vestibulitis") is a 
subtype of vulvodynia. Vulvodynia is a complex gynecologic syndrome 
characterized by miexplained vulvar pain, sexual dysfunction, and psychological 
disabiUty. Although the exact prevalence of vulvodynia is unknown, the condition is 
relatively common. It has been estimated that 1.5 miUion American women may 
suffer from some degree of vulvodynia. 

The most common subtype of vulvodynia is vulvar vestibulitis (also caUed 
"focal vulvitis" and "vestibular adenitis"). Vulvar vestibulitis presents a constellation 
of symptoms involving and limited to the vulvar vestibule. The criteria for 
recognizing vulvar vestibuUtis include: 1) pain on vestibular touch or attempted 
vaginal entry; 2) tenderness to Q-tip pressure locahzed within the vulvar vestibule; 3) 
physical findings confined to vestibular erythema of various degrees; and 4) an 
exclusion of other causes for vestibular erythema and tenderness, such as candidiasis 
(yeast infections) or herpes infections. Other symptoms include itching, swelling and 
excoriation. 

The pain in vulvar vestibuUtis may be described as sharp, burning, or a 
sensation of rawness, hi severe cases, dyspareunia (recurrent or persistent genital 
pain associated with sexual intercourse) totally prohibits sexual intercourse. Pam may 
also be eUcited on tampon insertion, biking, or wearing tight pants. The erythema 
may be diffuse or focal, and may be localized around the orifices of the vestibular 
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glands or at the fourchette. In addition, patient symptoms may often include itching 
Morbidities extend well beyond the local symptoms, with many women undergoing 
tremendous changes in psychosexual self-image, and can include profound adverse 
effects on marriages and other important relationships. 
5 Vulvar vestibuUtis may be acute or chronic. In one study, an arbitrary cutoff 

of three months of symptoms was used to distinguish between the acute and chronic 
forms (Marinoffand Turner, Am. J. Obstet. Gynecol. 165:1228-33, 1991) Most 
clinicians use an arbitrary cutoff of six months to distinguish between the acute and 

chromcforms. Some investigator, have attempted to find a common histopathological 
) aspect to vulvar vestibulitis, but have failed to do so (Pyka et al (1988) Int. J. 

Gynecol Pathol 7: 249-57). 

ThecauaesofvulvarvestibuU&aremultiftotorU. Known and suspected 
causes of the aoute fom. include fimgal or bacterial infection (e.g. Candida 
Tnchomonas), cheuucal imtants (e.g. soaps, douches, sprays), therapeutic Igents (e g 
antts^tios, suppositories, creams, 5.fluorouracil methods (e.g. cryosurgery, laser 
heannent). and aflergicdmg actions. In acute fom, treatnen, of the presumed 
cause may lead to r^id relief 

Vulvar vestitaBtis may become chronic if the cause becomes persistent or 
recon^t and may persist long after all suspected causes have been Heated. Many 
causes of chronic vulvar vestibuUtis are of m*no™ etiology. Although no direct 
cause and effect relationship has been shown, it has been suggested that oxalates in 
the unne, altered vagmal pH, locaUzed peripheral neuropathy, and subclinical viral 

.nfectious can all contribute to a. syndt^ncAhistoryoffungalmfecSonisptesent 
m most patients who have vulvar vestibuUtis, suggesting that recurrent yeast 
mfecoons may somehow play a role m the hritiation of the syndrome. It has been 
suggested that conditions such as recmrent candidiasis may lead to local changes in 
fte vaginal hnmune system, including both IW and Th2 type responses (Fidel and 
Sobel, Clia MlctDbiol. Reviews 9(3):335-48, 1996). 

Because of its multiple causes, and its frequently unknown causes, vulvar 

ves^buhtis can be very difficulttetreat The flrst-lmetherapyfor vulvar vestibulitis 
.s fte treatment of its suspected causes. This includes the pharmacologic treatm«t of 
mfeofons and Are discontinued use of the irritants and therapeutio agents, local and 
system.0, that may conhibute te the problem. Topical anesthedcs. corticosteroids, 
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I 

and sex hormones may provide some symptomatic relief. Further treatments may 
include dietary modifications, physical therapy and biofeedback, use of topical, oral, 
or injected therapeutic agents, or surgery. Unfortunately, no single treatment works'i 
aU patients. Moreover, many of these ^proaches involve complex medical 
5 procedures, significant costs, and/or undesirable side effects. 

Irritable Bowel Syndrnrnft 

Irritable bowel syndrome (IBS) is a biopsychosocial disorder with variable 
symptoms wherein a disturbance in the interaction between intestinal motiUty and 
sensation, the brain, and the autonomic nervous system produces the syndrome. IBS 
is characterized by a group of symptoms where abdominal pain or discomfort is 
associated with a change in bowel pattern, such as loose stool, more Sequent bowel 
movements, diarrhea, and/or constipation, in the absence of demonstrable organic 
pathology. 

As IBS presents no specific motiUty or structural correlates, it remains a clinically 
defined iUness defined by either the Manning or Rome H Criteria. The Manning 
criteria were originally estabUshed in 1978 to distinguish IBS from organic bowel 
disease (Mamiing A P, Thompson W G, Heaton K W, Morris A F. Towards a positive 
diagnosis of the irritable bowel. Br. Med. J. 1978; 2:653-4). The criteria are: 

1 . Onset of pain associated with more frequent bowel njovements 

2. Onset of pain associated with looser bowel movements 

3 . Pain relieved by defecation 

4. Visible abdominal bloating 

5. Subjective sensation of incomplete evacuation more than 25% of the time 

6. Mucorrhea more than 25% of the time 

The Rome n criteria for TBS include renort. fn. , 2 week, tl,. p.....,-^^ . . 

months, which need not be roncerutive, of .u.. u.. 

of three featurea- 

1. Relieved with defecation; and/or 

^' associated with a change in the frequency of stools; 

and/or 

3. Onset associated with a change in form (appearance) of stool. 
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stool „ passage of mucus, and/or bloattag or feeling of abdomM distension 
cumulatively support the diagnosis of IBS. 

.^"«-'=«l*fflS«dnbitviaceraIhjpersensiavity,.l.epresenceofwhich 
5 '«^"»n>l»*«iieshavesho™isthemostconsisten.abnonaali.yinIBS For 

example patients and centals were evaluated ibr their pain thresholds in response to 
progressive distension of the sigmoid colon induced by a baUoon. At fl:e same 
volume Of distension, the patients reported higher pain scores compared to controls. 

findmghasbeenreproducedinmany studies and wifl, fl„ introduction of the 
bart>stai a computerized distension device, .he distension procedures have been 
standardized Two concepts of viscera, hypersensitivity, h^eralgesia and aUodynia. 
have been mtroduced. More speciflcaUy, hyperalgesia refers to the situation in ^1 
normal vrsceral sensations are experienced a. lower intraluminal votames. While for 
a^du* of aUodynia,painordiscom&rt is experienced at vol™^ 
uonn^ mternal sensations (see, for example, Mayer E.A. and Gebhart, ap.. S..^ 

'""•"-^^^"''^ y«'9. 1 ed. Amsterdam: Elsevier, 

As such, ms is a flmctional bowel disorder in which abdominal pain or 

discomfcrtisassociatedwiflidefecationorachangeinbowelhabit. Hcefo™ ms 
has elements of an intestinal motility disorder, a visceral sensation disorder, and a 

nervous disorder. While the symptoms of IBS have .physiological basis, no 
Phy^olo^ca. mechamsm »i,„e ,o ffis has been identified i. some cas«, the same 
mechamsms that cause occasional abdominal discomfort in healthy individuals 
operate to produce the symptoms of BS. He symptoms of IBS are therefo,e a 

product of quantitative diflerences in themo.orreactivityof.hein.estinal.rac, and 
mcreased seas.tivi.y to stimuli or spontaneous conhactions. 

L. addition to tte above diagnosis tools, IBS patien.s can be categorized 
"-anlmg to symptoms and severity. Ommic diarrhea which is associated witir 
pain and which is no. a«ributab.e to an organic cause is referred to as 
u^^le bowel syndr^ne With adiarrheapredominance.. or diarrhea predommant 
CHasler et al.. ,995, In: Textbook of Gas.roen.erology, 2nd ed., Yamada, Ed , 

B.UppmcottCo.,PhiladeIphia,pp. ,832-1855). Patientsexhibitdianhea 

P^OominantBS if meir usual bowe, movement ficuencyismorethanthree times 
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per day, or if their ususal form of stool is loose and not hard, or if they frequently feel 
the sense of urgency and do not strain at the stools. Patients exhibit constipation 
predominant IBS if their usual bowel movement frequency is less than three times per 
week, or if their usual form of stool is hard and not loose, or if they often strain at the 
5 stools and do not frequently feel the sense of urgency. Patient not described as 

exhibiting diarrhea predominant IBS or constipation predominant IBS can be termed 
as exhibiting non-specific or alternating constipation/diarrhea IBS. 

Fimctional Abdominal Pa in Svndrnmft 

10 Functional Abdominal Pain Syndrome (FAPS) is also known as chronic 

idiopathic abdominal pam or chronic functional abdominal pain. These terms are 
generally used to describe pain for at least six months that is poorly related to bowel 
function and is associated with some loss of daily activities. Diagnostic criteria for 
FAPS include at least six months of: (1) continuous or nearly continuous abdominal 

15 pain; and (2) no or only occasional relation of pain with physiological events (e.g. 

eating, defecation, menses); and (3) some loss of daily functioning; and (4) the pain is 
not feigned; and (5) insufficient criteria exists for diagnosing other functional 
gastrointestinal disorders that would explain the abdominal pain. 

20 Functional Dvspepsia 

Functional dyspepsia is a functional bowel disorder in which chronic or 
recurrent symptoms are centered in the upper abdomen without presence of other 
known disease, such as infection, inflammation, or ulcer. Symptoms include pain and 
5 h IS II1633Xt to represent other symptoms, such as early satiety, nausea, 
25 vomiting, or bloating. There are two primary motor dysfunctions that can be 

described in relation to functional dyspepsia. First, more than 30% of adults with 
functional dyspepsia (or non-ulcer dyspepsia) have impaired gastric emptying. 
Second, impaired gastric accommodation is also frequent. 

30 Other Dis eases or Disorders Associated With Pain 

Other diseases or disorders associated with pain that may be treated by 
compositions of the present invention include, but are not hmited to, inflammatory 
disorders, such as rheumatoid arthritis, ankylosing spondyUtis, psoriatic arthritis, 
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psoriasis, chondrocalcinosis, gout, inflammatory bowel disease, ulcerative coUtis, 
Crohn's disease and cachexia; renal cholic; diabetic compUcations; noninflammatory 
cartilage damage; cancer; allodynia; peripheral nerve trauma; herpes virus infection; 
diabetes mellitus; causalgia; neuroma; limb amputation; vasculitis; nerve damage 
5 fiom chronic alcohoKsm. human immunodeficiency virus infection, hypothyroidism, 
uremia, or vitamin deficiencies; trigeminal neuralgia; diabetic neuropathy; restless leg 
syndrome; acute herpetic and postherpetic neuralgia; brachial plexus avulsion; 
occipital neuralgia; phantom hmb; bum; other forms of neuralgia; neuropathil and 
idiopathic pain syndrome; head trauma; spinal cord trauma; injury from general 
anoxia, hypoxia, hypoglycemia, or hypotension as well as similar injuries seen during 
procedures fi:om embole, hyperfusion. and hypoxia; pain during cardiac bypass 
surgery; incidents of intracranial hemorrhage; perinatal asphyxia; cardiac anest; sfetus 
epilepticus; irritable bowel syndrome; osteoarthritis; neuropathological disorders; 
visceral pain; fimctional bowel disorders; dysmenorrhea; pelvic pain; cystitis; 
pancreatitis; postoperative pain, such as following a dental extraction; migraiiie; 
headache; sero-negative (non-rhemnatoid) arthropathies; non-articular rheumatism; 
dyspepsia; gastritis; peptic ulcer; lower gastrointestinal bleeding and perforation; 
ileitis; and peri-articular disorders. Still further examples of diseases or disorder 
associated with pain include those as described in U.S. Patent Nos. 6,689,906; 
6,680,343; 6,635,673; 6,642,398; 6,593,368; 6,489,352; 6,451.857; 6,436,974- 
6,426,368; 6,359,005; 6,329,429; 6,326,374; 6,316.638; 6.306,910; 6,245.801; 
6,242,488; 6,153,650; 6.127.418; 6,103,932; 6.020,370; 6,001.876; 5.929.088;' 
6.706,723; 6.627.771; 6,544,998; 6.620,829; and 6.596.900. 

25 Peripheral vs. Central Rffi^fa 

The mammaUan nervous system comprises a central nervous system (CNS, 
conq)rising the brain and spinal cord) and a peripheral nervous system (PNS, 
conq,rising sympathetic, parasympathetic, sensory, motor, and enteric neurons outside 
of the brain and spinal cord). Where an active agent according to the present 
invention is intended to act centrally (i.e., exert its effects via action on neurons in the 
CNS). the active agent must either be administered directly into the CNS or be 
capable of bypassing or crossing the blood-brain barrier. The blood-brain barrier is 
capillary wall structure that effectively screens out all but selected categories of 
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subsuncc present in fte blood, preven&g a«irpa^ge into ^ Cm. Tbe nniouo 
moq,hologic characteristics of the brain capillaries that make up the blood-brain 
barrier are: 1) epithelial-like high resistance tight janctions which Uterally cement aU 

5 ;!^''t,r'^*"'°*^"™*^*^'''~^^'>'«'--Bions„f.he 
CNS; a,^ 2) scanty pinocytosia or transendothelial channels, which a., abmadan. in 

endo.h=haofperipheralo,gans.D„etothe™q„echa™:terisHcsofthebIood-brain 
bamer.hydrophiIic drugs and peptides that readily gain access to other tissues in th. 

body an,barr.dlh>ment,ymto the brain or their ratesofentry are very low 

^""""^-'-^''"ri-^-'bebypassedeffectivelybydirectinftaionofthe 
achve agent mto the central nervous system, „r by intranasal administration « 

»ha,a«on of formulations suitable for uptake and .^rograde transport of the active 

agent byolfactory neurons. Ttemost«,nun„npr««durelbr administration directly 
».otheCKSistheimplanta.ionofacatheterinto«.venHc„larsystemori,^^^ 

iwo:rrT'-'''°^™'^°"*'"^«''°'^-^'^'-^''--oss 

me Wood-bram batner. TMs generaUy r^uires some solubiUty of the drug in lipids, 
or ou^r appropnate modification kno™, to one of skill in the art. For example, the 
2^ may be tnmcated. derivatized, latentiated (converted from a hydrophilic 

^^mtoahptd-soluble drug). conjugatedtoahpopMhc moiety ortoasubstal 
.a acttvdy transp^ted across the blood-brain batrier. or modified using standard 

means known to those skilled in the- ^vt q^o ^ 

„ . "'°^-^°«'«'"'«'«™Pte.i*aidridge, Endocrine 

Reviews 7: 314-330 (1986) and U.S. Pat. No. 4.801,575. 

Where an active agent according to the p.^, invention ia intended to act 
exc^ustvely periphetaUy (i.e., exert its via action either on neurons in the PNS 
or directly on tatget tissues), it may be desirable to modify the compounds of «.e 

bZrT°'"''^''^""'°'*'^'*''''°°<'-*^>'-^-™'Wof 
W^^ram bam^petmeabihty ^ ^ ^ ^ J 

select^vepotoncyfbrperiphenU targets. GenetaUy, alipid-inso.uble d„,g will not 

ZLt * AbasicdLg 
y acts on the nervous ayst«n may be altered to produce a selective peripheral eff^ 

by,u=^fionofthedru^whichdec,easesitslipidso,ubilityandmakli. 
vntually unavailable for transfer to the CNS. For example. fl.e charged 

anttauscarinie dmg meUiscopalamine bromide has periph.^ effects while the 
unchatged^iamuscarinic drug scopolamine acts c^itrany. One of skUl in the art can 
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select and modify active agents of the present invention using well-known standard 
chemical synthetic techniques to add a Kpid inq,ermeable functional group such a 
quaternary amine, sulfate, carboxylate, phosphate, or sulfonium to prevent transport 
across the blood-brain hairier. Such modifications are by no means the only way in 
5 which active agents of the present invention may be modified to be impermeable to 
the blood-brain bamer; other well known phannaceutical techoiques exist and would 
be considered to fall within the scope of the present invention. 

Agents 

Compounds usefiil in the present invention include any active agent as defined 
elsewhere herein. Such active agents include, for example, a,5 subunit calcium 
chamiel modulators, mcluding GABA analogs (e.g. gabapentin and pregabalin), as 
described elsewhere herein, as weU as smooth muscle modulators, including 
antimuscarinics, ps adrenergic agonists, spasmolytics, neurokinin receptor 
antagonists, bradykinin receptor antagonists, and nifaic oxide donors, as described 
elsewhere herein. 

Voltage gated calcium channels, also known as voltage dependent calcium 
channels, are multi-subunit membrane-spamiing proteins which permit controlled 
calcimn influx from an extracellular euviromneut into the interior of a cell. Opening 
and closing (gating) of voltage gated calcium channels is controlled by a voltage 
sensitive region of the protein containing charged amino acids that move within an 
electric field. The movement of these charged groups leads to conformational 
changes in the stmctiire of the chamiel resulting in conducting (open/activated) or 
non-conducting (closed/inactivated) states. 

Voltage gated calcium channels are present in a variety of tissues and are 
implicated in several vital processes in animals. Changes in calcium influx into cells 
mediated through tiiese calcium channels have been implicated in various human 
diseases such as epilepsy, stroke, brain tirauma, Alzheimer's disease, multi-infarct 
dementia, other classes of dementia, Kor^akofPs disease, neuropattiy caused by a 
viral infection of the brain or spinal cord (e.g., human immunodeficiency viruses, 
etc.), amyotrophic lateral sclerosis, convulsions, seizures, Huntington's disease, ' 
amnesia, or damage to the nervous system resulting fiom reduced oxygen supply, 
poison, or other toxic substances (See, e.g., U.S. Pat. No. 5,312,928). 
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Voltage gated calcium channels have been classified by their 
electrophysiological and pharmacological properties as T, L, N. P and Q types (for 
reviews seeMcCleskey ^^a/. (1991) Curr. Topics Membr. 39:295-326; andDunlaper 
al. (1995) Trends. Neurosci. 18:89-98). Because there is some overlap in the 
5 biophysical properties of the high voltage-activated channels, phamiacological 
profiles are useful to further distmguish them. L-type channels are sensitive to 
dihydropyridine agonists and antagonists. N-type channels are blocked by the 
peptides co-conotoxin GVIA and c-conotoxin MVIIA, peptide toxins from the cone 
shell mollusks, Conus geographus and Conus magus, respectively. P-type channels 
• are blocked by the peptide co-agatoxin IVA from the venom of the fimnel web spider 
Agelenopsis aperta, although some studies have suggested that co-agatoxm IVA also ' 
blocks N-type channels (Sidach at al. (2000) J. Neurosci. 20: 7174-82). A fourth type 
of high voltage-activated calcimn chamiel (Q-type) has been described, although 
whether the Q- and P-type chamiels are distinct molecular entities is controversial 
CS^iheretaL(1995) Neuron 11:291-303; Steae/a/. (1994) iVoc. Natl. Acad. Sci. USA 
^^''^0516-l05ZQ^BommeietaL {1999) Nature Neuroscience2A01-4\5). 

Voltage gated calcium channels are primarily defined by the combination of 
different subunits: a,, a,, /?, and 6 (see Caterall (2000) Annu. Rev. Cell. Dev. Biol. 
16: 521-55). • Ten types of subunits, four complexes, four & subunits, and two y 
submnts are known (see Caterall, Annu. Rev. Cell Dev. Biol., si^ra; see also 
Klugbauer et al. (1 999) J. Neurosci. 1 9: 684-691). 

Based upon the combination of different subunits, calcium channels may be 
divided into three structurally and fimctionally related famihes: Ca.1. Ca.2, and Ca.3 
(for reviews, see Caterall, Annu. Rev. Cell Dev. Biol. , supra; Ertel et al. (2000) 
Neuron 25: 533-55). I.type currents are mediated by a Ca.l family of a, subunits 
(seeCaterall,^«„«.i?ev. Cell. Dev. Biol, supr^). Cav2 chamiels fonn a distinct 
fenrily with less than 40o/o amino acid sequence identity with Ca.l«, submiits (see 
CateraU,^n«. Rev. Cell Dev. Biol, supra). Cloned Ca.2.1 subunits conduct P- or 
Q-type currents that are inhibited by c-agatoxin IVA (see Caterall, Annu. Rev. Cell 
Dev. Biol, supra; Sather efa/. (1993) Neuron 11: 291-303; Steaetal (l994)Proc 
Natl Acad Sci. USA 91 : 10576-80; Bourinet et al (1999) Nat. Neurosci 2: 407-15). 
Cav2.2 submiits conduct N-type calcimn currents and have a high affinity for cd- 
conotoxin GVIA. o-conotoxin MVIIA. and synthetic versions of these peptides 
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including Ziconotide (see Caterall. Annu. Rev. Cell. Dev. Biol., supra; Dubel et al. 
(1992) Proc. Natl. Acad. Sci. USA 89:5058-62; WilUams et al. (1992) Science 257: 
389-95). Cloned Cav2.3 subunits conduct a calcium current known as R-type and are 
resistant to organic antagonists specific for L-type calcium currents and peptide toxins 
5 specific forN-type orP/Q-type currents (see CateraU, Rev. Cell. Dev. Biol, 
supra; RandaU et al. (1995) J. Neurosci. 15: 2995-3012; Soong et al. (1994) Sci&ice 
260: 1133-36; Zhang a/. (1993) Neuroplmrmacology 32: 1075-88). 

Gamma-aminobutyric acid (GABA) analogs are compounds that are derived 
from or based on GABA. GABA analogs are either readily available or readily 
synthesized using methodologies known to those of skill in the art. Exenqjlary 
GABA analogs include gabapentin and pregabalin. 

Gabapentin (Neurontin, or l-(aminomethyl) cyclohexaneacetic acid) is an 
anticonvulsant drug with a high binding afiBnity for some calcium channel subunits. 
and is represented by the following structure: 

NH2 CO2H 



15 




Gabapentin is one of a series of compounds of formula: 

H2N-CH2^;^CH2-COORi 
20 (CH2)n 

in which R, is hydrogen or a lower alkyl radical and n is 4, 5, or 6. Although 
gabapentin was originally developed as a GABA-mimetic compound to treat 
spasticity, gabapentin has no direct GABAergic action and does not block GABA 
uptake or metaboHsm. (For review, see Rose et al. (2002) Analgesia 57:45 1-462). 
Gab^entin has been found, however, to be an effective treatment for the prevention 
of partial seizures in patients who are refiractory to other anticonvulsant agents 
(Chadwick (1991) Gabapentin, In Pedley T A, Meldrum B S (eds.). Recent Advances 
in Epilepsy, Churchill Livingstone, New York, pp. 21 1-222). Gabapentin and the 
related drug pregabalin may interact with the subunit of calcium chamiels (Gee et 
al. (1996)7. Biol. Chem. 271: 5768-5776). 
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M addition to its known anticonvulsant effects, gabapentin has been shown to 
block the tonic phase of nociception induced by fonnalin and caitageenan. and exerts 
an mhibitory effect in neuropathic pain models of mechanical hyperalgesia and 
mechanical/thermal aUodynia (Rose a/. {2002) Analgesia 57: 451-462). Double- 
5 blind, placebo-controlled trials have indicated that gabapentin is an effective 

treatment for painful symptoms associated with diabetic peripheral neuropathy, post- 
herpetic neuralgia, and neuropathic pain (see, e.g., Backonja et al. (1998) JAMA 
280:1831-1836; MeUegers et al. (2001) Clin. J. Pain 17:284-95). 

Pregabahn, (S)-(3-aminomethyl)-5-methylhexanoic acid or (S)-isobutyl 
GAB A, is another GAB A analog whose use as an anticonvulsant has been explored 
(Bryans et al. (1998) J. Med.. Chem. 41 : 1838-1845). Pregabahn has been shown to 
possess even higher binding affinity for the 0,6 subunit of calcium chamiels than 
gabapentin (Bryans et al. (1999) Med. Res. Rev. 19:149-177). 

Exenq,lary GABA analogs and fused bicycUc or tricycUc ammo acid analogs 
of gabapentin that are useful in the present invention include: 

Gabapentin or salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabohtes, or derivatives thereof; 

Pregabalin or salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabohtes, or derivatives thereof; 

GABA analogs according to the following structure as described in 
U.S. Pat. No. 4.024.175, or salts, enantiomers, analogs, esters, amides, 
prodrugs, active metabohtes, or derivatives thereof, 
H2N-CH2^;Q^CH2-COORi 

(CH2)n 

9 

wherem Ri is hydrogen or a lower alkyl radical and n is 4, 5, or 6; 
GABA analogs according to the following structure as described in 
U.S. Pat. No. 5,563,175. or salts, enantiomers. analogs, esters, amides, 
prodrugs, active metabohtes, or derivatives thereof, 
Ra R2 

I I 

H2NCH C CH2COOH 



1. 
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wherein Ri is a straight or branched alkyl group having fiom 1 to 6 
carbon atoms, phenyl, or cycloalkyl having from 3 to 6 carbon atoms; 
R2 is hydrogen or methyl; and R3 is hydrogen, methyl or carboxyl; 
Substituted amino acids according to the following structures as 
described in U.S. Patent No. 6.316,638, or salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, or derivatives thereof, , 



10 
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HN (CH2)„ 

■COgH 




r 

wherein to R,o are each independently selected from hydrogen or a 
straight or branched alkyl of from 1 to 6 carbons, benzyl, or phenyl; m 
IS an mteger of from 0 to 3; n is an integer from 1 to 2; o is an integer 
from 0 to 3; p is an integer from 1 to 2; q is an integer from 0 to 2t is 
an mteger from 1 to 2 ; s is an integer from 1 to 3 ; t is an integer fr;,m 0 
to 2; and u is an integer from 0 to 1 ; 

GABA analogs as disclosed in PCT Publication No. WO 93/23383 or 
salts, enantiomers, analogs, esters, amides, piodrugs. active 
metabolites, or derivatives thereof; 

GABA analogs as disclosed in Bryans et al (1998) J. Med. Chem. 
41:1838-1845 or salts, enantiomers. analogs, esters, amides, prodrugs, 
active metabolites, or derivatives thereof; 

GABA analogs as disclosed in Bryans et al. (1999) Med. Res. Rev. 

19:149-177 or salts, enantiomers, analogs, esters, amides, prodrugs. 

active metabolites, or derivatives thereof; 

Amino acid compounds according to the foUowing sfructure as 

described in U.S. Application No. 200201 1 1338. or salts, enantiomers 

analogs, esters, amides, prodrugs, active metabolites, or derivatives 

thereof; 
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X r^i 
Wherein Ri and R2 are independently hydrogen or hydroxy; X 
is selected from the group consisting of hydroxy and (f-G- 
where: 

G is -0-, -C(0)0- or -NH-; 

Q" is a group derived from a linear oligopeptide 

comprising a first moiety D and further comprising 
from 1 to 3 amino acids, and wherein said group is 
cleavable from the amino acid compound under 
physiological conditions; 
D is a GABA analog moiety; 
Z is selected from the group consisting of: 

(i) a substituted alkyl group containing a moiety 
which is negatively charged at physiological 
pH, which moiety is selected from the group 
consisting of -COOH, -SO3H, -SO2H, 
-P(0)(OR"^(OH), -OP(0)(ORi«)(OH), - 
OSO3H and the like, and where R'*' is selected 
from the group consisting of alkyl, substituted 
alkyl, aryl and substituted aryl; and 
(ii) a group of the formula -M-Q"', wherein M is 
selected from the group consisting of 
-CH20C(0)- and -CHiCHjCCO)-, and wherein 

is a group derived from a linear 
ohgopeptide comprising a first moietyD' and 
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further comprising from 1 to 3 amino acids, 
and wherein said gbup is cleavable under ' 
physiological conditions; D' is a GAB A analog 
moiety; or aphannaceutically acceptable salt 
thereof; provided that when X is hydroxy, then 
Z is a group of formula -M-Q"'; 
CycUc amino acid compounds as disclosed in PCX PubUcation No 
WO 99/08670 or salts, enantiomers, analogs, esters, amides, prodrugs 
active metaboKtes, or derivatives thereof; 

CycKc amino acids accordmg to the following structures as disclosed 

in 

PCT Publication No. W099/21824, or salts, enantiomer., analogs 
estex^, amides, prodrugs, active metabolites, or derivatives thereof 
H2N CO2R 




or 



R12 R11 

wherein R is hydrogen or a lower alkyl; R, to R^ are each 
mdependently selected from hydrogen, straight or branched alkyl of 
from 1 to 6 carbons, phenyl, benzyl, fluorine, chlorine, bromine 
hydroxy, hydroxymethyl, amino, aminomethyl. trifluoromethyl - 
C0aH,-C0.R,,.-CH.CO^,.CHC0^,, .qr,, ^^^^ ^ ; 
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or branched alkyl of from 1 to 6 carbons, phenyl, or benzyl, and R, to 
R? are not sunultaneously hydrogen; 

Bicychc amino acids according to the following structures as disclosed 
in pubhshed U.S. Patent AppHcation Serial No. 60/160725, including 
those disclosed as having high activity as measured in a radioligand 
bmdmg assay using [3H]gabapentin and the a^d subunit derived from 
porcme brain tissue, or acids, salts, enantiomers, analogs, esters, 
aimdes, prodrugs, active metabohtes, and derivatives thereof. 




CO2H 




CO2H 



CO2H 



(CH2)„ 




CO2H 



.or 



:(CH2)„ 




m 



IV 




13. 

20 



Bicychc amino acid analogs according to the following structures as 
disclosed in UK Patent Apphcation GB 2 374 595 and acids, salts 
enantiomers, analogs, esters, amides, prodrugs, active metabohtes.' and 
derivatives thereof. 
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H2OC 




H2OC 



H2OC 



(xm) 




HO2C, 



H2N 



H2N 



to 



H2N 



,,.vNvH02C^ 



\ 



(XDO 



(XX) 



(XXI) 



H02Q 




H2N 



HO2C ? ,<^- 



(XXI) 



^ ^ 



(xxn) 



(xxm) 



(XXIV) 



OtheragentsusefWinthepresentinventionincludeanycompoundthatbm^ 
to the 0,5 subunit of a calcimn channeL GABA analogs which display binding 
afiBmty to the 0,6 subunit of calcium channels and that are therefore useful in the 
present invention include, without limitation, cis-(lS,3R)-( l-(aminomethyl).3- 
methylcyclohexane)acetic acid, cis-(lR,3S)-(l-(aminomethyl).3- 
methylcyclohexane)acetic acid, lQ;3a;5a-(l-aminomethyl)-(3,5- 
dimethylcyclohexane)acetic acid, (9-(aminomethyl)bicyclo[3.3.1]non-9.yl)acetic 
acid, and (7-(aminomethyl)bicyclo[2.2. l]hept-7-yl)acetic acid (Bryans et al (1998) J. 
Med. Ghent. 41:1838-1845; Bryans etal. il999) Med. Res. Rev. 19:149-177) Other " 
compounds that have been identified as modulators of calcium chamxels include but 
are not limited to those described in US Patent No. 6,316,638, US Patent No 
6.492.375, US Patent No. 6,294,533. US Patent No. 6,011,035, US PatentNo 
6.387.897. US Patent No. 6.310.059. US Patent No. 6,294.533. US Patent No 
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6,267.945, PCT Publication No. WOOl/49670. PCT Publication No. WOOl/46166 
and PCT PubUoaaon No. WOOl/45709. Th. identification of which of ftese ' 
co,npo«nd.havc abhuiingaffinityfcrtte subuni. of caloinin channels canbe 

**™'>yPerfonningo,«binding.ffini,ystudiesaade«=ribedbyG^^ 
5 -/.a996)y.i,^,c^^.,,.,„,3.,„^ 11.eidentificationof.ti^,«^;^ 
^.^pounds. inch«,i„g ofl»r GABA analog, ^ exhibit binding affinity for flae ..a 
^untt Of oatann. channel, „ed by perfonning <.a binding 
afto^stndtes as desoribedby Gee .,.,(c^e«./. 0996)^^^, CW 271:5768. 

) i;^™----?"-""- and fomiulaHonse„con,p.asing GABA analogs 

andcychcannnoacidan^ogsofgabapentinandthatwouldbensefclinthep,.,! 

mvant.onmcIudecon,podtic„,disclo,edinPCTPubUcationNo.WO99/08670 US 
PatentNo.a.342.529,con..oUed«,eaa.fonn„,ationsa.diac.osedinU.S.^^^^^^ 
No.0020,i9.97andas.PatentNo.S,955.:03.andana.ai„ed„,eaae.^^^^ 
and fonnuhhons as disclosed in PCT Publication No. WO 02/28411 PCT Pnblic,« 

™c;r""^"^-'^°--°™^-----"^^^^^ 

uz/3Z376,PCTPubhcationNo.WO02/424l4 tro a i- 

ir<! a™,!- « V, ^ U S. Application No. 20020107208, 

US. Apphcation No. 20020151529. and U.S. AppUcation No. 20020098999 

Ac^^Hne is a chemical neu^transmitter in the netvous systen. of aU 

«mpals. <^toerg,cnen,otransnnssion"«fe.,one„.ot«,anussionthatinvolves 
aoetylchohne. and has been imphcated in the contto, of iin^ons as diverse as 
locon^tion. digestion, caidiac rate, "light or flighr responses, and learning and 
»einory(Salva.e,ra(Feb.2000)Acety,choHne.In^„,^cfe^„^^^,,,^^ 

^TZTr"'^^-'^-'^-''''^'- "^-^^orLylchohne 
aie classified mto two general categodes based on tte plan, alkaloids flia. 

ZT^l TT ^ """^^ "^^^ 2' »"-*io 

(muscanne bmdmg) (See, e.g., Salvatara, Acetylcholine, supra) 

Jl»'"°8'=-^oategod«ofaoetylcholine,ecepto,smaybefl«herdivided 
mtos„hcIassesbased„pondifferencesh.theirphannacologicaland 
ele^physiologioal properties. Por example, nicotinic receptors are composed of a 

van^ofsubnn..stha.are„sedtoid«atiiythefoUowingsubc.asses: l)mLle 

nnrT"^' -^"^^ receptors tiu^ do 

not bmd me snake venom o^bungarotoxin; and 3) neuronal nicotinic ace^fcho«„e 
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recepto.. do bind tte snake ven«n »bunga™to«n (Dani e, al. (My 1999) 
London: h«p:/ww.=l,.«; Linds.^„ (ocober 2001) 

. ^^<^.b«p:W.ols.«, Bycon.,a.,„n.oaHnio..epto.n.ybo 
^v.d«. n«„ five subcla^es. tabeled M.-M. and p.fe™«^, J^,^ 

M^oAce.y.ob„,ineRecep.o.. UE^c^^^ofUfe^^^.LL- 
Natn. Pnb.sWng Group. b«pywww.els.„e,, In gencnU. muacarini. «ccp.o. have 
be»n^l.ca.edinb,adder«n>c«on(See,.,.Appena002)a^^ 
761-9; We. a.. (2002) W.. Me^ O.^ ^ 3335.9; OandaU (2001)^ 
oen,. Bas.,M^ lO: .35-43; Chappie (2000) Urolo^ L 33^) 

<W.er agents uselUIina^p^entinventionincludeany anticholinergic agen, 
sp-^caUy.anyanto.„acarinicagent.Par«cnl.rlyuseflaintt,en,e«K,dsom^^^^^ 
P««n. mvenaon is oxybutynin, also Wn as 4-die*ylamini„.2.bu,ynyl 
phenylcyclohexyglycolate. It has the following structure: 




o 

"OH ^C-^^N^ ,CH, 
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Dttropan (oxybutynin cUodde) is the d,l « „f 

Which is known .0 exert a^tispasnrodic effect on smooth muscle and 
~he n.u^c action of acetylcholine on smooth nruscle. Me.aboU.es and 
«on.«s of oxybutynn, have also been shown to have activity nseiUl according to the 
n. Bxan.p,esinc,„de,bn.areno.linUted.K.desethyl-o=S^ 
=ndS-oxybu.ynn. (see, e.g., US Paten. Nos. 5.736.577 and 5,532.278) 

Add.t,onal «««-unds that have been identifled as anthnuscarinic agents and 
areusefiJn.thepr^.i„ven.ioninchuIe.b„.areno.Hnn..dto: . 

a. I5»rifen«:in(Da.yon»)<„ adds, salts, enantiomen.. analogs 

eaers, amides, prodrugs, active metaboUtcs, and derivatives 
thereof; 



-40- 



e. 



f. 



PCTAJS2004/008700 

Solifenacin or acids, salts, enantiomers, analogs, esters, 

amides, prodrugs, active metaboHtes, and derivatives 
thereof; 

YM-905 (solifenacin succinate) or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

SoUfenacin monohydrochloride or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metaboUtes. and 
derivatives thereof; 

Tolterodine (Detroit or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

Piopiverine (Detnmomx®) or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

Propantheline bromide (Pio-Banthine®) or acids, salts, 
enantiomers, analogs, esteis, amides, prodrugs, active' 

metabolites, and derivatives thereof; 

Hyoscyamine sulfate (Levsin^ Cystospaz^ or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

Dicyclomine hydrochloride (Bentyl®) or adds, salts. 

enantiomers. analogs, esters, amides, prodrugs, active 

metabolites, and derivatives tiiereof; 
Flavoxate hydrochloride (Urispas®) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metaboKtes; and derivatives thereof; 
d,l (racemic) 4- dieaiylamino-2-butynyl 
phenylcyclohexylglycolate or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 

(R)-N,N-diisopropyl-3-(2-hydroxy-5-methylphenyl)-3- 
phenylpropanamine L-hydiogen tartrate or acids, salts. 
-41- 
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enantiomers, analogs, esters, amides, prodmgs, active 
metabolites, and derivatives thereof 
m. (+)-(lS,3'R)-quinucKdin-3'-yl 1 -phenyl- 1,2,3,4- 
^ tetrahydroisoquinoline-2-carboxylate mono'sJccinate or 

acids, salts, enantiomers. analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; 

n. ^Pha(+)-4-(Dimethylamino)-3-methyl-l,2'diphenyl-2- 
butanol proprionate or acids, salts, enantiomers, analogs, 

P^^^g^' ^tive metaboUtes, and derivatives 

thereof; 

l-methyl-4-piperidyl diphenylpropoxyacetate or acids, 
salts, enantiomers. analogs, esters, amides, prodmgs, active 
metabolites, and derivatives thereof; 

15 ^' ^"■^y*°^y^^[l«H'5aH-nortropane-8,r-pyrrohdinium 

benzilate or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
tha-eof; 

q. 4 amino-piperidine containing compounds as disclosed in 
Diouf .ra/. (2002) Med. Chem. Lett. 12: 2535-9; 

pirenzipine or acids, salts, enantiomers. analogs, esters. ' 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

methoctramine or acids, salts, enantiomers. analogs, estei. 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

4-diphenylacetoxy.N.methyl piperidine methiodide; 
tropicamide or acids, salts, enantiomers, analogs, esters. 

amides, prodmgs, active metabolites, and derivatives 
thereof; 

(2R)-N-[l-(6-aminopyridin-2-yhnethyl)piperidm-4-yl].2. 
[(lR)-3,3-difluorocyclopentyl].2-hydroxy-2- 
phenylacetamide or acids, salts, enantiomers, analogs. 



20 



t. 
u. 
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esters, amides, prodrugs, active metaboUtes, and derivatives 
fliereof; 

w. PNU-200577 ((R)-N, N-diisopropyl-3-(2-hydroxy-5- 
hydn)xymethylpheayl)-3-plienylpropanainine) or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 

X. KRP-197 (4-(2-metiiyIimidazolyl)-2,2-diphenylbutyramide) 
or acids, salts, enantiomers, analogs, esters, amides, 
prodrugs, active metaboUtes, and derivatives thereof; 
y. Fesoterodine or acids, salts, enantiomers, analogs, esters, 
amides, prodrags, active metaboKtes, and derivatives 
thereof; and 

z. SPM 7605 (the active metaboKte of Fesoterodine), or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
^ ^ metabolites, and derivatives thereof. 

The identification of further compounds that have antimuscarinic activity and 
would therefore be useful in the present invention can be detennined by perfonning 
muscarinic receptor binding specificity studies as described by Nilvebrant (2002) 
Pharmacol Toxicol. 90: 260-7 or cystometry studies as described by Modiri et al 
20 (2002) Urology 59: 963-8. 

Adrenergic receptors are cell-surface receptors for two major catecholamine 
honnones and neurotransmitters: noradrenaline and adrenaline. (Malbon et al. (Feb. 
2000) Adrenergic Receptors. In Encyclopedia of Life Sciences. London: Nature 
Publishing Group, htlp:/www.els.net). Adrenergic receptors have been impUcated in 
critical physiological processes, including blood pressure control, myocardial and 
smooth muscle contractiUty, puhnonary function, metaboUsm, and central nervous 
system activity (See. e.g.. Malbon et al.. Adrenergic Receptors, supra). Two classes 
of adrenergic receptors have been identified, a and ^, that may be further subdivided 
into three major famiKes (al, a2, and /3), each with at least three subtypes (al A, B, 
and, D; c^A, B, and C; and ^1. ^, and ^) based upon their binding characteristics to 
different agonists and molecular cloning techniques. (See, e.g., Malbon et al. 
Adrenergic Receptors, supra). It has been shown that ^ adrenergic receptors are 
expressed in the detrusor muscle, and that the detrusor muscle relaxes with a |83. 
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agonist (Takeda, M. etal, (1999) J.PharmacoLExp.Ther. 288: 1367-1373). and in 
general, /33 adrenergic receptors have been in^Ucated in bladder function (See e g 
Takedae^a/. {2002) Neuourol. Urodyn. 21: 558-65; Takeda^ra/. (2000) j: 
Pharmacol Exp. Ther. 293: 939-45. 

5 Other agents useful in the pr^ent invention include any P3 adrenergic agonist 

agent. Compounds that have been identified as P3 adrenergic agonist agents and are 
useful m the present invention include, but are not limited to: 

a. TT-138 and phenylethanolamine compounds as disclosed in 

US Patent No. 6,069,176, PCT Pubhcation No. WO 
97/15549 and available from Mitsubishi Phanna Corp., or 
. acids, salts, esters, amides, prodrugs, active metaboUtel, 
and other derivatives thereof; 

b. FR-149174 and propanolamine derivatives as disclosed in 
US Patent Nos. 6,495,546 and 6.391,915 and available from 

,Fujisawa Pharmaceutical Co., or acids, salts, esters, amides, 
prodrugs, active metabolites, and other derivatives thereof; 

c. KUC-7483, available from Kissei Pharmaceutical Co., or ' 
acids, salts, esters, amides, prodrugs, active metabolites, 
and other derivatives thereof, 

d. 4'.hydroxynorephedrine derivatives such as 2- 2-chloro.4- 
(2-( (lS,2R)-2-hydroxy-2-(4-hydn)xyphen3d).l- 
methylethylamino)ethyl)phenoxy acetic acid as disclosed in 
Tanakae/a/. (2003) J.Med. Chem. 46: 1 05- li or acids, 
salts, esters, amides, prodrugs, active metaboUtes, and Jther 
derivatives thereof; 

e. 2-amino-l.phenylethanol compounds, such as BRL35135 
((R*R*)-(.+..)-[4-[2-[2.(3-chlorophenyl)-2. 
ydroxyethylamino]propyl]phenox y]acetic acid methyl ester 
hydrobromide salt as disclosed in Japanese Patent 
Pubhcation No. 26744 of 1988 and European Patent 
PubUcation No. 23385), and SR5861 lA ((RS)-N-(7- 

ethoxycarbonyhnethoxy-l,2,3,4-tetrahydix)n^hth-2-yl)-2- 
(3.chlor ophenyl).2-hydroxyethanamine hydrochloride as 
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disclosed in Jq)anese Laid-open Patent PubUcation No. 
66152 of 1989 and European Laid-open Patent PubHcation 
No. 255415) or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
GS 332 (Sodium (2R)-[3-[3-[2-(3 Chlorophenyl)-2- 
hydroxyethylamino]cyclohexyl]phenoxy]acetate) as 
disclosed in Ezuka et al. (1998) J. Smooth Muscle Res. 34: 
139-49 or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
BRL-37,344 (4-[-[(2-hydroxy-(3-chlorophenyl) ethyl)- 
amino]propyl]phenoxyacetate) as disclosed in Tsujii et al. 
(1998) Physiol Behav. 63: 723-8 and available from 
GlaxoSmithKline or acids, salts, estera, amides, prodrugs, 
active metaboUtes, and.other derivatives thereof; 
BRL-26830A as disclosed in Takahashi et al (1992) Jpn 
arc. J. 56: 936-42 and available from GlaxoSmithKline or 
acids, salts, esters, amides, prodrugs, active metaboUtes, 
and other derivatives thereof; 
CGP 12177 (4-[3-t-butylamino-2- 

hydroxypropoxyJben2imidazol-2- one) (a pi/p2 adrenergic 
antagonist reported to act as an agonist for the P3 
adrenergic receptor) as described in Tavemier et al (1992) 
J. Pharmacol. Exp. Ther. 263: 1083-90 and available from 
Ciba-Geigy or acids, salts, esters, amides, prodrugs, active 
metabolites, and other derivatives thereof; 
CL 316243 (R,R-5-[2-[[2-(3-chlorophenyl)-2- 

hydroxyethyl]amino]propyl].l,3-benzodioxoIe-2,2- 
dicarboxylate) as disclosed in Berian et al (1994) j, 
Pharmacol Exp. Ther. 268: 1444-51 or acids, salts, esters, 
amides, prodrugs, active metaboUtes, and other derivative^ 
thereof; 

Compounds having P3 adrenergic agonist activity as 

disclosed in US Patent AppUcation 20030018061 or acids 
-45- 
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salts, esters, amides, prodrugs, active metaboUtes, and other 
derivatives thereof; 

ICI 215,001 HCl ((5)-4-[2-Hydroxy-3. 
phenoxypropylaminoethoxy]phenoxyacetic acid 
hydrochloride) as disclosed in Howe (1993) Drugs Future 
18: 529 and available fcora AstraZeneca/ICI Labs or acids, 
salts, enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
ZD 71 14 HCl aCI D71 14; (^-4-[2-Hydroxy-3- 
phenoxypropylaminoethoxy]-A''-(2- 
methoxyethyl)phenoxyacetamide HCl) as disclosed in 
Howe (1993) Drugs Future 18: 529 and available fiom 
AstraZeneca/ICI Labs or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

Pindolol (l-(l^.IndoI-4-yloxy)-3-[(l-methyletiiyl)aniino]- 
2-propanol) as disclosed in Blin et al (1994) 

MolPharmacol. 44: 1094 or acids, salts, enantiomers, 
analogs, esters, amides, prodrugs, active metaboUtes, and 
derivatives thereof; 

(5)-(-)-Pindolol((^.l.(l^.indol-4-yloxy)-3-[(l. 
metiiylethyl)aminoJ-2-propanol) as disclosed in Walter et al 
(i984)Naunyn-Schmied.Arch.PharmacoL 327: 159 and 
Kaikxnmi (1989) Eur. J.Phannacol. 173: 121 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
SR 59230AHa (l-(2-Ethylphenoxy)-3-[[(l^- 1,2,3,4- 
tetiahydro-l-naphthalenyl]amino]-(25)-2-propanol 
hydrochloride) as disclosed in Manara et al. (1995) 
Pharmacol. Comm. 6: 253 and Manara et al. (1996) Br. J. 
Pharmacol. 1 17: 435 and available from Sanofi-Midy or 
acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; 
-46- 
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q. SR 5861 1 (iV[2s)7-caib-ethoxymetiioxy-l,2,3,4-tetra- 

hydronaphth]-(2r)-2-hydroxy.2(3.chlorophenyl) ethamine 
hydrochloride) as disclosed in Gauthier et al. (1999) x 
Pharmacol Exp. Ther. 290: 687-693 and available from 
Sanofi Research; and 
r. YM178 available from Yamanouchi Phaimaceutical Co. or 
acids, salts, esters, amides, prodrugs, active metaboUtes, 
and other derivatives thereof, 
lie ideotifioation of further compounds Bra, have P3 adrenergic agonis, activity and 
would therefore be useful in the present inv«>tion can be detennined by perfbnning 
radtohgand binding assays and/or contractility stiuKes as described by aiberfarb e, al. 
(1997)^^C.«^c-. no: SOI-SOtI Takeda«^. (1999)^ PHannaco, ^. ^. \ 
1367-1373; and Gauthi«: et al. (1999) J. Pharmacol. E^. Ther. 290: 687-693 

Spasmolytics are conrpounds that reKeve or prevent muscle spasms, especially 
Of ™«,a. muscle. In general, sp^olytics have been implicated as having efficacy 
m a.e ti«atin«« of bladder disonie,. (See. e.g., Takeda e> al. (2000) J. Pham.a^, 
Ther. 293:939-45). 

Oflier agents usefU in flre present invention mclude any spasmolytic agent 

Comppundsthathavebeenidentifledasspasmolyticagemsandareuseiulintire ' 
20 present mvention include, but are not hmited to: 

a. '««Mpl>™ylaceacacid-4-(N-methyl-piperidyl) esters as 

disclosed in US Patent No. 5,897,875 or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 
melaboHtes, and deiivatives thereof 

b. Human and porcine spasmolytic polypeptides in 
glycosylated form and variants thereof as disclosed in US 
Patent No. 5.783,416 or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivative 
thereof; 

c. Dioxazocine derivatives as disclosed in US Patent No. 
4,965,259 or acids, salts, enaotiomers, analogs, esters, 
amides, prodrugs, active metaboUtes. and derivatives 
thereof; 
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Quaternary 6,1 l-<iihydro-diben2o-[b,e]-thiepme-l 1-N- 
alkylnorscopine ethers as disclosed in US Patent No. 
4,608,377 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metaboHtes, and derivatives 
thereof; 

Quaternary salts of diben2o[l,4]dia2epinones, pyrido- 
[I,4]ben2odia2epinones, pyrido[l,5]ben2odiazepinones as 
disclosed in US Patent No. 4,594,190 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
Endo-8.8-dialkyl.8-a2oniabicyclo (3.2.1) octane.6,7-exo- 
epoxy-3-alkyl-carboxylate salts as disclosed in US Patent 
No. 4,558,054 or acids, salts, enantiomere, analogs, esters, 
amides, prodrugs, active metaboUtes, and derivatives 
thereof; 

Pancreatic spasmolytic polypeptides as disclosed in US 
Patent No. 4,370.3 17 or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabolites, and derivatives 
thereof; 

Triazinones as disclosed in US Patent No. 4,203,983 or 
acids, salts, enantiomers, analogs, esters, amides, prodrugs, 
active metabolites, and derivatives thereof; 
2-(4-Biphenylyl).N.(2-diethylamino a]kyl)propionamide as 
disclosed in US Patent No. 4,185,124 or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof, 
Piperazino-pyrimidines as disclosed in US Patent No. 
4.166.852 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives ' 
thereof; 

Aralkylamino carboxylic acids as disclosed in US Patent 
No. 4.163.060 or acids, salts, enantiomers, analogs, esters. 
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amides, prodrugs, active metaboKtes, and derivatives 
thereof; 

1. Aralkylamino sulfones as disclosed in US Patent No. 
4,034,103 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

m. Smooth muscle spasmolytic agents as disclosed in US 

Patent No. 6,207,852 or acids, salts, enantiomers, analogs. 

. _ prodrugs, active metabolites, and derivatives 

^" thereof; and 

n. Papaverine or acids, salts, enantiomers. analogs, esters. 

amides, prodrugs, active metaboKtes, and derivatives ' 
thereof 

The itotification of tother confounds fha. have spaaoolyttc activity and would 

therefore be useftl in the present invention can be detemunedbyperfonniag bladder 
Stop contractility studies as described in US Paten. No. 6.207.852; Notonha-Blob « 
al. (.1991) J. Pharmacol. B^. 3W.256: 562-567; and/or Kachur « (1988) j; 
Pharmacol. El^. Ther.lAl: 867-872. 

Tachyldnins (TKs) are a family of structuraUy related peptides that include 
substance P. neurokinin A (NKA) and neurokinins (NKB). Neurons a« the major 
sourceof TKs in the periphery. An hnportant general effect of TKs is neuronal 
stunulation. but other effects include endotheUum-dn«ndent vasodilation, plasma 
protein extravasation, mast ceU recnuUnent and degranulation and stimulation of 
mflanunatory eeUs (See Maggi. C. A. (1991) Gen. Pharmacol.. 22: 1-24). m general 
tachyknmx recq,tors have be«. implicated in bladder function (See, e.g.. Kamo e, al. ' 
(2000) Eur. J. Pharmacol. 401: 235-40 and Omhura e, al. (1997) Urol. M. 59: 221- 
5), 

Substance P activates the neurokinin receptor subtype referred to as NKx 
Substance P is an undecapeptide that is present in sensory nerve tenninals. Substance 
P IS known to have multiple actions that produce inflammation and pain in the 
penphery after C-fiber activation, including vasodilation, plasma extravasation and 
degranulation of mast cells (Levine. J. D. et. al. (1993) J. Neurosci. 13- 2273) 
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Neurokmin A is a pq,tide which is colocahzed in sasory neurons with 
^stanoePandwhichalsopromotesinflammattcmandpain. Neuroldnin A activates 
the^^«)?<:^to„„receptorr.tecdtoasNK,(Edmonds.Alt,S.,« (,992) 
^re*^50.PL101).Iha«„rinarytact,TKsarepowerfulspasmogeMacting 

5 '»-"Sk<»-y'toNK..«.ptorin«„hun«nbladder.aswenasfl.eh«nann.etoaand 
meter (Maggi, C. A. (1991) CJat Pharmacol, 21: 1-24), 

Other agents useful in the present invention include any neuroldnta receptor 
antagonist ag«,t Suitable ne^Mnin receptor antagonists for use in the present 
. uwention that act on the NK, receptor include, but are not linuted to: l.innno.2.(2. 
10 >»««"-<y-PheayI)-ethyl)-7.7-diphenyI-4-perhydmisoindolone(3aR,7aR)(TlP 
67580'-); 2S,3S-cis-3-(2-n.ethoxybenzyIamino).2-benzhydr3dquinuclidine (-CP 
96,345-0; and(aR,9R)-7-[3.5-bis(trifl„oromelhyl)bcnzyl>8.940;n..e.rahy 
9-memyl.5-(4.me.hy,phenyim-[l,4]diazocino[24-8][l,7]naph.h^^^ 
6.13-<K<»e)("rAK-63rO. Suitable neurokinin receptor antagonists forusein the 
15 present invention that act on the NK. receptor include but are no. linuted to- ((si-N- 

meaiyl.N-4-(4^etylanm.o-4-phenylpiperidino)-2-(3,4-dichI„roph«iy 
Dbu^Ibenzannde ("SR 48968"); Me,-Asp-T,p.Phe-Dap-L.„ (-^ ,0,62r,- and 
cyc(Gto-T.p-Phe-Gly-Leu-Me,)("L 659.877"). Suitable neurokunn receptor 
antagonists for use in the present invention also include acids, salts, este.^ anndes. 

20 •»°*"^activen.etaboU.es. andotherderivativesofanyoftheagentsmentioned 
above, ^-d-tificationof&rthercompoundsthathaveneurokhunreceptor 
antagonist activity and wouldfl-erdbrebeusetulinthepresent invention can be 
dete^nnedbyperfornungbindingassay studies as descnWinHopldns^ 

f^-*-^'-^*.^.*-. Co™,. .80:, 110-1117; and Aharony«^.(,994)Mo., 
25 Phannaool. 45: 9-19. 

Bradjtoun rec^tors generally are divided into bradykinin, (B,) and 
lm|dykinin,(B,)subt«>es. Studies have sho,™ acute peripheral pain and 
mflamn^tion produced by bradykinin are mediated by the B. subtype «*e^ 

>o rrrt*^ " ^-^"^ - ^ the b, 

.0 -""^^ ^->-.M.N..«..,. (1993)^^ 53: 191-97); Dray. (,993) 

ZlZ"'^ 16:99-104). ^ general, bradykinin receptors have been in^licated 
m blacid^ luncuon (See. e.g. Meini e,at (2000) Eur. J. PHarn^col 388: 177-82 and 
Behchaid et aL (1999) Br. J. Pharmacol 128: 213-9). 
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Other agents useful in (he present invention inolnde any bradykinin receptor 
antagonistagent Suitable hradyUninrec^tor antagonists for use in the present 
mventionthataetontheB, receptor include but are no. linuted to: des-arg'»HOE 140 
(available ftom Hoechst Phannaceuticals) and des-ArgVadykinin (DABK). Suitable 
5 bradykinin receptor antagonists for use in the present invention that act on the B, 
receptor inctade but are not linnted to: D-Phe'-BK; D-Arg-(HH>' -m« -D-Phe') BK 
CWC 3490; D-Arg^yp'.D-Phe')-BK ("NPC 56ry, D-Arg-(Hyp3 -TU^ .O-Tic' 
Oic ).BK i-TIOB IWy, H-DArg-Arg-Pro-Hyp-Gly-Thi-cCDab-DTicOic 

'^8W'«^-»0alpha)("MENU270");H-DArg-Arg.Pro.Hyp-Gly.lbi^er.DTic 
10 Oic-Arg-OHC'Icatibann; (E>3-(6-acetanndo-3-pyridyl)-N.[N^2. 4^chloro-3.[(2. 
methyl-8- quinolinyl) oxymethyl] Ph«.yl].N-mea.yteninocarbonyhnethyl]acryianride 
mi73567"):andWIM64338. confounds a,« nK.re flUly delLr 

Pertans. M. N., e,. al.. Pain, supra; Dray. A., e,. al.. Trends Neurosci.. supra; and 
Meini « ^ (2000) Eur. J. PHannoco,. 388: 177-82. Suitable neurokinin receptor 
15 antagonists for use in the present inventi™> also include acids, salts, esters, anudes 
prodrugs, active metahoUtes. and oth« derivatives of any of the agents mentioned ' 
above. The id«>tification of further compounds that have bradykinin receptor 
antagonist activity and would therefore be useful in the pre^t invention can be 

detonm^dbyperibrnringbindingassaysnKHesasdescribedinManning^^ (1986) 
20 J. Pharmacol. Bxp. ner.'23T. 504 and US Patent No. 5.686>5. 

Nitric oxide donors may be included in the present invention particularly for 
then- anti-spasm activity. Nitric oxide (NO) plays a critical role as a molecular 
mediator of many physiological processes, including vasodilation and rognlation of 
normal vascular tone. He action of NO is implicated in intrinsic local vasodilation 
15 mechanisms. NO is the smallest biologicany active molecule known and is .he 

mediator of an extraordinary range of physiological processes (Nathan (1 994) Cell 78- 
915-918;Thomas(1997)AW^.^.o«„3:Aiticle3). NO is also a known 
physiologic antagonist of «»iothelin-l. which is the most potent known mammaUan 
vasoconstrictor, having at least ten times the vasoconstrictor potency of angiotensin n 
0 (Yanag-saw.^./. (1988)^.332:411-415; Kas„ya«.,. (1993)j;^e.^ 
79: 892-898; Kobayashi e, al. (1991) Neurosursery 28: 673-679). lie biological 
half-hfeofNO is extremely short (Monis«a;. (.1994) An,. J. Physiol. 266:B829- 
E839; Nathan (1994) Cell 78: 915-918). NO accounts entirely for the biological 
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effects of endothelimn-derived relaxing factor (EDRF) and is an extremely potent 
vasodilator that is beHeved to work through the action of cGMP-dependent protein 
kinases to effect vasodilation (Hemy et ah (1993) FASEB J. 7: 1 124-1 134- Nathan 
iX992^FASEBJ. 6: 3051-3064; Pahnere/ a/., (1987) Nature 327: 524-52^; Snyder.. 
> al. (1992) Scientific American 266: 68-77). 

Within endotheUal ceUs, an enzyme known as NO synthase (NOS) catalyzes 
the conversion of L-arginine to NO which acts as a diffusible second messenger and 
mediates responses in adjacent smooth muscle cells. NO is continuously formed and 
released by the vascular endothelium under basal conditions which inhibits 
contractions and controls basal coronary tone and is produced in the endothelium in 
response to various agonists (such as acetylcholine) and other endoMum dependent 
vasodilators. Thus, regulation of NOS activity and the resultant levels of NO are key 

molecular targets controlling vascular tone (Muramatsu e, al. (1994) Coron. Artery 
5: 815-820). 

Other agents useful in the present invention include any nitric oxide donor 
agent Suitable nitric oxide donors for the practice of the present invention include 
but are not limited to: 

a. Nitroglycerin or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metaboUtes, and derivatives 
thereof; 

b. Sodium nitroprusside or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metabohtes, and derivatives 
thereof; 

c. FK 409 (NOR-3) or acids, salts, enantiomers. analogs, 
esters, amides, prodrugs, active metabohtes, and derivatives 
thereof; 

d. FR 144420 (NOR-4) or acids, salts, enantiomers, analogs, 
esters, amides, prodrugs, active metaboUtes. and derivatives 
tiiereof; 

e. 3-moipholinosydnonimine or acids, salts, enantiomers. 
analogs, esters, amides, prodrugs, active metabolites, and 
derivatives thereof; 
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f. Linsidomine chlorohydrate ("SDST-l ") or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 

g. S-nitroso-N-acetylpenicillamine ("SNAP") or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 

h. AZD3582 (CINOD lead compound, available from NicOx 
S.A.) or acids, salts, enantiomers, analogs, esters, amides, 
prodmgs, active metabolites, and derivatives thereof; 

i. NCX 4016 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodmgs, active ' 
metabolites, and derivatives thereof; 

NCX 701 (available from NicOx S.A.) or acids, salts, 
enantiomers. analogs, esters, amides, prodrugs, active 
metaboKtes, and derivatives thereof; 
NCX 1022 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
HCT 1026 (available from NicOx S.A.) or acids, salts, 
euantiomers, analogs, esters, amides, prodrugs, active' 
metabolites, and derivatives thereof; 
NCX 1015 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active 
metabolites, and derivatives thereof; 
NCX 950 (available from NicOx S A.) or acids, salts, 
enantiomers. analogs, esters, amides, prodrugs, active 
metaboUtes, and derivatives thereof, 
NCX 1000 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active ' 
metaboHtes, and derivatives thereof; 
NCX 1020 (available from NicOx S.A.) or acids, salts, 
enantiomers, analogs, esters, amides, prodrugs, active ' 
metaboUtes, and derivatives thereof; 
-53- 
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AZD 4717 (available from NicOx S.A.) or acids, salts, 

enantiomeis, analogs, esters, amides, prodrags, active 

metabolites, and derivatives thereof; 

NCX 1510/NCX 1512 (available from NicOx S.A.) or 

acids, salts, enantiomers. analogs, esters, amides, prodrugs, 

active metabolites, and derivatives thereof; 

NCX 2216 (available from NicOx S.A.) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

NCX 4040 (available from NicOx S.A.) or acids, salts, 

enantiomers, analogs, esters, amides, prodrugs, active 

metabolites, and derivatives thereof; 

Nitric oxide donors as disclosed in U.S. Patent No. 

5,155,137 or acids, salts, enantiomers, analogs, esters, 

amides, prodrugs, active metabolites, and derivatives 

thereof; 

Nitric oxide donors as disclosed in U.S. Patent No. 
5,366,997 or acids, salts, enantiomers, aualogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No. 
5,405,919 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metaboKtes, and derivatives 
thereof; 

Nitric oxide donors as disclosed in U.S. Patent No. 
5,650,442 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof 

Nitric oxide donors as disclosed in U.S. Patent No. 
5,700,830 or acids, salts, enantiomers, analogs, esters, 
amides, prodmgs, active metabolites, and derivatives 
tiiereof; 
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z. Nitric oxide donors as disclosed in U.S. Patent No. 

5,632,981 or acids, salts, enantiomers, analog, esters, 
amides, prodrugs, active metaboUtes, and derivatives 
thereof; 

' aa. Nitric oxide donors as disclosed in U.S. Patent No. 

6,290,981 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metabolites, and derivatives 
thereof; 

bb. Nitric oxide donors as disclosed in U.S. Patent No. 

5,691,423 or acids, salts, enantiomers, analogs, esters, 
amides, prodmgs, active metabolites, and derivatives 
thereof; 

cc. Nitric oxide donors as disclosed in U.S. Patent No. 

5,721,365 or acids, salts, enantiomers, analogs, estera, 
amides, prodrags, active metabolites, and derivatives 
thereof; f 

dd. Nitric oxide donors as disclosed in U. S. Patent 

No.5,714,511 or acids, salts, enantiomers, analogs, esters, 
amides, prodrugs, active metaboHtes, and derivatives 
thereof; 

ee. Nitric oxide donors as disclosed in U.S. Patent No. 

6,511,911 or acids, salts, enantiomers, analogs, esters, 
amides, prodmgs, active metabolites, and derivatives 
thereof; and 

ff. Nitric oxide donors as disclosed in U.S. Patent No. 
5,814,666. 

The identification of further compounds that have nitric oxide donor activity and 
would therefore be useful in the present invention can be detemiined by release 
profile and/or induced vasospasm studies as described in US Patent Nos. 6,451,33? 
and 6,358,536, as well as Moon (2002) IBJUInt. 89: 942-9 and Fathian-Sabet et al. 
(2001)^ Urol. 165: 1724-9. 
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Enantiomers and Diasteromers 

Many organic compounds exist in optically active fonns. i.e., they have the 
abiUty to rotate the plane of plane-polarized Ught. In describing an optically active 
compound the prefixes R and S are used to denote the absolute configuration of the 
■> molecule about its chiral center(s). The prefixes D and L, or (+) or (-), designate the 
sign of rotation of plane-polarized hght by the compound, with L or (-) meaning that 
the compound is levorotatory. In contrast, a compound prefixed with D or (+) is 
dextrorotatory. There is no correlation between nomenclature for the absolute 
stereochemistry and for the rotation of an enantiomer. Thus, D-lactic acid is the same 
as (-)-lactic acid, and L-lactic acid is the same as (4-).lactic acid. For a given chemical 
structure, each of a pair of enantiomers are identical except that they are non- 
superimposable minor images of one another. A specific stereoisomer may also be 
referred to as an enantiomer, and a mixture of such isomers is often called an 
enantiomeric, or racemic, mixture. 

Stereochemical purity is important in the pharmaceutical field, where many of 
tiie most often prescribed drugs exhibit chirality. For example, the L-enantiomer of 
the beta-adr^rergic blocking agent, propranolol, is known to be 100 times more potent 
than Its D-enantiomer. Additionally, optical purity is important in the pharmaceutical 
drug field because certain isomers have been found to impart a deleterious effect, - 
raflrer than an advantageous or inert effect. For example, it is believed that flie D- 
enantiomer of thatidomide is a safe and effective sedative when prescribed forihe 
conti-ol of morning sickness during pregnancy, whereas its corresponding L- 
enantiomer is beUeved to be a potent teratogen. 

When two chiral centers exist in one molecule, tiiere are four possible 
stereoisomers: (R,R), (S,S), (R,S). and (S,R). Of these, (R,R) and (S,S) are an 
example of a pair of enantiomers (mirror images of each other), which typically share 
chemical properties and melting points just hke any other enantiomeric pair The 
mirror images of (R,R) and (S,S) are not, however, superimposable on (R,S) and 
(S.R). This relationship is called diastereoisomeric, and the (S,S) molecule is a 
diastereoisomer of the (R,S) molecule, whereas the (R,R) molecule is a 
diastereoisomer of the (S.R) molecule. 
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An example of a compound with two chiral centers is the antimuscarinic 
sohfenacin. Solifenacin is described in U.S. Patent No. 6.174.896 and is represented 
by the following chnnioal fbimula: 
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Becau» soBftnacin two chtal centers, diastereomers as well as anantiomet. exist 
for tins molecule (see U.S. Patent No. 6.174,896). Solifenacin succinate 
(development number YM-905) is a salt fonn of soUfenacin that is co-promoted as 
yestcare by Yamanouchi Pharmacentical Co., Ltd. (through Yamanouchi Phaxma 
Amenca) and GlaxoSmithKline as an investigational muscarinic antagonist 
Sohfenacin was discovered and developed by Yamanouchi. and a New Drug 
Apphcation was submitted to the U.S. Food and Drug Administradon by YPA in 
Decemb^2002forsolifenacinsuccinate. A market authorization apphcation for 
Vesrcare was submitted in Europe in January 2003, and Y«nanouchi has initiated 
Phase m clinical trials for Vesicare* in Japan. Other salt fonns of solifenacin have 
also been specificaUy described by Yamanouchi. including solifenacin 
monohydrochloride (development number YM-53705). 

For use in the present invention, any diastereomer or enandomer of an active 
agent as disclosed herem, can be administered to treat pain, including neuropathic 

pam,nociceptivepain.chxomcpeIvicpain,andpain associated with specific disorders 
mcludmg intersUaal cystitis, prostatitis, prostadynia. vulvar vesn^uUtis, vulvodynia. 
foncnonal abdominal pain syndrome, iimctional dyspepsia, and irritable bowel 

syndrome. 



Formulations 

Formulations of the present mvention may mclude. but are not limited to 
continuous, as needed, short-term, rapid^^ controUed ..lease, sustained rel^ 
delayed release, and pulsatile release formulations. 

Compositions of the invention comprise c^S subunit calcium chamrel 
modulators in combination with one or more compounds wiflr smooth muscle 
modulatory efibcts, inchrding antimuscarinics (particularly those that do not have an 
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amine embedded in an 8-a2abicyclo[3^.1]octm-3^i skeleton), P3 adrenergic 
agonists, spasmolytics, nemoldnin receptor antagonists, taadjddnin receptor 
antagonists, and nitric oxide donors. The compositions are administered in 
therapentioaUy effective amomts to apatient in need thereof for treating pain 
5 mctoding neuropathic pain, nociceptive pain, chonic pelvic pain, as weU as pain 
associated wim specific disorders such as interstidal cystitis, prostatitis, prestadynia. 
vulvar vestibulitis, vulvodynia. functional abdominal pain syndrome, functional 
dyspepsia, and irritable bowel syndrome. It is recognized that the compositions may 
be administered by any means of administration as long as an effi^ctive amount for 
' treating pain, including neuropafl^c pain, nociceptive pain, chronic pelvic pain as 
weU as pain associated with specific disorders such as interstitial cystitis, prostatitis 

P.ostadynia,vulvarvestibulitis.vulvod^ftoctionalabdominalpains,ndr„n.e ' 
fimctronal dyspepsia, and irritable bowel syndrome, is delivered. 

Any of (he active agents may be administered in the fom of a salt ester 
amide, prodrug, active metabolite, derivative, or the like, provided that the salt, 'e«er 
amrde, prodrug or derivative is suitable phannacologically, i.e., effective in the ' 
present method. Salts, esters, amides, prodrugs and other derivatives of the acdve 
agents may be prq,ared using standard procedures known to those skilled in the art of 
sj^etic organic chemisny and described, for sample, by J. Man=h. Advanced 
Orgamc Chemistry: Reactions, Mechanisms and Structure. 4th Bd. (New YoA- 
WUey-hrterscience, 1992). For example, acid addition salts are pr^ared fiom the 
fee base using conventional methodology, and involves reaction with a smtable acid 
Suitable acids for preparing acid addition salts inctade both org^ric acids, e.g., acetic 
acrd. propionic acid, glycolic add. py^vic acid. oxaUc acid, malic acid, malonic acid 
auccmic add. maleic acid, firmaric acid, tartaric add, dtric add. benzoic acid 
cnmamic acid, mandeUc acid, meflianesulfcnic add, ethanesulfonic add p- ' 
tolumesulfcnic acid, salicylic ad4 and tire Hke, as well as morganic acids e g 
mro^onc add, hydrohromic add. sulfteic acid, nitiic acid, phosphoric ldd.'and 

thelrke. An acid addition saltmay be reconvened to the free basebytreannentwitha 
suitable base. Particularly preferred acid addition salts of the active agents herdn are 
salts prepared with organic acids. Conversely, preparation of basic salts of add 
moreties which may be present on an active agent are prepared m a shnilar mamier 



-58- 



10 



15 



20 



25 



30 



WO 2004/084880 

PCT/US2004/008700 

uang a phannacewicaUy acceptable ba» such as sodium hydroxide, potassium 
hydroxide, ammomum hydroxide, calcium hydroxide, trimethylamirie, or the like 

Preparation of esters involves ftoctionalization of hydroxyl and/or carboxyl 
groups lhat may be present within the molecular structure of the drug. Tie esters a,^ 
5 » acyi-substiftrted derivatives of free alcohol ^ups. i.e., moieties that are 
denved from earboxyUc acids of the fimnula RCOOH where R is alkyl and 
P^ferably is lower alkyl. Esters can be ^converted to the free acids, if'desired by 
usmg conventional hydrogenolysis or hydrolysis procedures. Amides and prod^gs 
may also be prepared using techniques known to .hose skiUed in the art or described 

m the pertinent literature. For example, amides may be prepared from esters, using 
smtable amine reactants, or they may be prq,ared from an anhydride or an acid 
chlonde by reaction with ammonia or a lower dkyl amine. Prodrugs are typicaUy 
prepared by covalen, attachment of a moiety, which results in a compound that is 
therapeutieaUy inactive until modified by an individual's metaboUc system 

One set of ftrmulatious fcr gab^tin are flK«e mariteted by Pfizer hrc. under 
^eb^rdnameNemontin.. Neurontin.Cap«nes,Neurontm. Tablets, »d Nemontin. 
Ond Solutton are suppHed ei«>er as imprinted hard shell capsules containing 1 00 mg 
300 mg. and 400 mg of gabapenSn. elUptical fihn-coated tablets containing 600 mg 

and SOOmgofgabapentin or an oral solution containmg250m^5mLofgabapentin. 
Ihe machve mgredients for the capsules are lactose, cornstarch, and talc, lie 100 mg 
capsule Shell contains gelatin and tttanium dioxide. The 300 ^ capsule shoU contail 
ge attn. ttamum dioxide, and yeUow iron oxide. He 400 mg capsule sheU contains 
gelatm. red iron oxide, titanium dioxide, and yellow iron oxide. The mactive 

mgredients for the tablets «epoloxamer407,copolyvid«mm. cornstarch, m^^ 
« hydrox^^yiceUnlose, talc, csndelilla wax and purified water. Tie inactive 
mg^ents ibr flte oral solution are glycerin, xylitol, purified wato and artificial cool 
atrawbetry anise flavor, a. addition to these fonnuMons, gabapentin and 
femiulatrons are g«eraUy descnled in the Mowing patents: US 6.683 112- US 
6.645,528; US 6.627.211: US 6.569.463; US 6.544.998; US 6.531,509; Msi 669- US 
6,465.012; US 6,346,270; US 6,294.198; US 6,294,192; US 6.207,685 US 6 'm ^ 
US 6.024.977; US 6.020.370; US 5.906,832; US 5.876.750; and US 4.;60 9^^ 

. One set of fomrulations for oxybatynin are those marketed by Ortho-McNeU 

Pbannaceuticals. inc. under thebrandnameDitropan'.Ditropan'tabletsaresupphed 
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containing 5 mg/ublete of the active ing^Jien,. oxybutynin cUoride, and the inactive 
mgredtent. anhydrous lactose, nricrocystaffine ceUulose, calcium stearaft,, and WD&C 
blue #1 lake. Dit„^« symp is st^lied as 5mg/5ni of the active ingrediert 
oxybutynin chloride, and the inactive mgredients citric acid, FD&C green #3 flavor 
5 gl3-ri.^methylparaben,sodiumci,W^sorbitol.sucrose.andwater. DiUoplnXL® 
.s an ext«»Jed release table, fom. of Dit,„pan» supplied containing either 5 mg (pale 
yellow color) of oxybutynin chloride, 10 n,g (pink color) of oxybutynin chloride or 
15 mg (gray color) of oxybutynin chloride. Inactive mgredients are celWose acitate 

l-S^-W-Pylmethylcellulose, lactose, magnesium stearate. polyethylene glycol ' 
10 polyethylene oxide, syndaetic iron oxides, titanium dioxide, polysorbate 80, sodium 
chlonde, and butylated hydroxytolnene. 

^''^^-'S^'^^o^'iedbyWafsonPharmaceuticalsunderthebrandname 
Oxytol (oxybutynin transdennal system). Oxytrol" is a transdeanal patch designed 
to dehver oxybutynin continuously and consis.«>,ly over a 3 to 4 day interval It is 
snppUed as a 39 cm^ patch conUuning 36 mg of oxybutynin, which is designed to 
dehw 3 <> mg^day. Ttc patch is won. contmuoualy. and a new patch is applied every 
3 to 4 days. 

A fonnulation useftl in the present invention comprises a combination of 
gabap«,tin and oxybutynin chloride. The combination can be supplied m various 
Phannaceutieal composition and dosage fonns as described herein. One fonnuMon 
to supplying are combination is m a table, fonnulation. Additional f»m„lations for 
die combmarion of tte present mva,tion, such as capsules, syrups, etc. are also 
• envs,oned for delivery of a.e combination, and any description of «,Iet ftnmaladons 

---waymeanttobelimitingofpos^bledeUverymodesforthecombmationof 

^0 the present invention. 

Table, fimnulations useftl to supplying tte gabapentin/oxybmynin 
combination uaeM in tte present invention can comprise, in addition to the active 
ms^^ in combination, functional excipiente. Such excipien.s as are usetul for 
pymg phann^eutical compositions in a table, fonnulation are known m fl« art 
and mclude compounds known to be useful as tillers, binders, lubricants 
dismtegrants, dUu«,ts, coatings, plastizers, glidants, compression aids, stabilizes 

sweepers, solubilizers, and other excipients that would be known to one of skill'in 

the phannaceutical arts. 
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The active ingredients of the combination useful in the present invention 
(gabapentin and oxybutynin) can be combined, particularly in tablet fonn. according 
to ratios provided herein. The relative ratio of the active ingredients of the 
combination for use in the present invention is about 1:1 to about 1:800. oxybutynin 
5 and gabapentin respectively, more preferably about 2.5:200 to 2.5:800, oxybutynin 
and gabapentin respectively. Generally, the ratio of oxybutynin to gabapentin in the 
combmation is about 2.5:50. about 2.5:100, about 2.5:150, about 2.5:200 about 
2.5:250, about 2.5:300. about 2.5:350, about 2.5:400, about 2.5:450, about 2 5-500 
about 2.5:550, about 2.5:600. about 2.5:650, about 2.5:700. about 2.5:750. or aboui 
2.5:800. Alternately, the ratio of oxybutynin to gab^entin in the combination is 
about about 1.25:50. about 1.25:100, about 1.25:150. about 1.25:200. about 1 25-250 
about 1.25:300. about 1.25:350, about 1.25:400. about 1.25:450. about 1 25-500 
about 1.25:550. about 1.25:600, about 1.25:650, about 1.25:700. about 1.25-75o'or 
about 1 .25:800. Alternately, the ratio of oxybutynin to gabapentin in the combination 
IS about about 5:50. about 5:100, about 5:150, about 5:200. about 5:250, about 5 300 
about 5:350, about 5:400, about 5:450. about 5:500. about 5:550, about 5:600, about ' 
5:650. about 5:700, about 5:750. or about 5:800. Examples of formulations for 
prepanng tablets conq,iising gabapentin and oxybutynin in combination suitable for 
use m the present invention are provided below in Tables 1 and 2. 



Table 1 


Ingredient 


Weight 
per Unit 


Gabapentin 


200.0 


Oxybutynin chloride 


2.50 


Lactose, monohvdrate 


85.50 


Purified water 


130.0 


Providone 


24.00 


Microcrystalline cellulose 


80.00 


Crospovidone 


4.00 


Magnesium stearate 

iTotai 


4.00 
400.0 
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Table 2 


Ingredient 


Weight 
per Unit 


GabaDentfn ' 


200.0 


Oxybutynin chloride 


2.50 


Lactose, monohydrate 




Purified water 


235.0 


Hydroxypropylmethvlcellulose 


20.00 


Microcrvstalhne cellulose 


80.00 


Crospovidone 


4.00 


Magnesium stearate 
Total 


4.00 
400.0 
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„c pxcpaiea accoroing to a 

nuxnber of possible methods. One method used in px^aring a tablet comprising a 
formulation as provided above includes the following steps: 

(1) sift ingredients througji 20-mesh screen, transfer to granulator with 
impeller and chopper, and mix for five minutes; 

(2) wet granulate mixed ingredients with a binder solution (such as 
' povidone ormethocel); 

(3) transfer wet granules to fluid bed diyer and dry until o/oLOD values 
are within a 1-2.5% range; 

(4) mill dried granules; 

(5) lubricate miUed granules (such as with magnesium stearate) in 
blender; 

(6) compress into tablets. 

other derivatives and analogs of the aetive agents may be prepared nsing 
standard techniques kno™ to those skiUed in the art of synthetic otganic ch««stry 
or may be deduced by referem^e to the pertinent Hteratute. In addition, chiral active 
agents maybe in isomericaUypure &n„. ortheymay be administered as aracemic 
mixture of isomers. 



30 



Pharmaceutical Compn^iti^ns and r>n>iap^ 

Suitable compositions and dosage forms include tablets, capsules, caplets 
pills, gel caps, troches, dispersions, suspensions, solutions, syrups, transdermal ' 
patches, gels, powders, magmas, lozenges, creams, pastes, plasters, lotions, discs 
suppositories, liquid sprays for nasal or oral administration, dry powder or aer^so'lized 



25 



30 



WO 2004/084880 

PCT/US2004/008700 

tcmnul^o^ for tohalati™,, oompodtions and tomuMom fer intravedcl 
a<teW.t^„„ and a,e like. PWber, of „rtin«y *m i„ fl„ art can ,««my 
deduce aa. aui«,.e fonnuMons involving a.e.e oompositiona and doaage fonl 
mcludmg those fcmmlaaons aa described elaewhere herein. 

Oral Dosage Forms 

and/or ^ "^T 

and/»^ andn«y also con^ a ph^ty of granules, beads, powders or 
Pcn=.sa».n.yornu.yno.bee„c.psn,a.ei Such dosage forn^s are prepared using 

37';-°*>-wn.«.oaein«.fieldofpharn.ceu«oalfoI,a«on:d 
d«c„bedn.theper.n>en. texts, e.g.. i„Renn„^„, The Science and P™=.ice of 

Tables and capsules rep^en. the n.os. convenient o«l dosage 

fonns, m which case solid phamiaceutical carriers are employed 

''^'^"^^"'^"-"^"'Vi^ingstanda.dtabletprocessingp.ocedu^sand 
. — ., — odf„rfo:n^,,,^,bydi.ectcon^es.onofapclir 
crysWhne or granular con^posidon containing the active agen.(s). aloneorin 

— onwi.honeorn«»e capers, additives, orthelike. As analtemativeto 

pn>c«ses Tablets nu.y also ben«,lded.ather.haneon,pressed.startingwithamoto 
^2^.ractable.a.erial;however.con^sionandgranula.ion 

using ~ '^-"on 

bmde«. dttoents. lubricants. disinteg™.,s. filler, stabilize... sur&ctants 
preservatives, coloring agents, flavoring ag«Us and the like. Bindeta are' used to 

nnpartcohesivequaHtiestoatabH and fl.„s ensure that the tablet xen^intactafter 
con^r^ston. Suitable binder materials include, but are not linnted to. starch 
(mc,udu.g com starch and p«gelatini«d statch). gelatin, sugars (including sucrose 

■^J and syndic gun.. acacia sodiun. algbate. polyvinylpyr^^doJe. 

ceUulos:cpolymers(facl«linghydr„xypropyIceUulose.hydroxypropyl 
m^yio^ulos^ methyl ceUulos^ , 

bkeXandVeegmn. Muents are typically necessaty to increase bulk so t>«t a ' 
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practical size tablet is ultimately provided. Suitable diluents include dicalcimn 
phosphate, calcium sulfate, lactose, cellulose, kaolin, mannitol. sodium chloride dry 
starch and powdered sugar. Lubricants are used to facilitate tablet manufacture ' 
examples of suitable lubricants include, for example, vegetable oils such as peanut oil 
5 cottonseed oil, sesame oil, oUve oil, com oil, and oil of theobroma. glycerin, 
magnesium stearate, calcium stearate, and stearic acid. Stearates, if present.' 
preferably represent at no more than approximately 2 wt. % of the drug-containing 
core. Disintegrants are used to facilitate disintegration of the tablet, and are generally 
starches, clays, celluloses, algins, gums or crosslinked polymers. Fillers include for 
10 example, materials such as silicon dioxide, titanium dioxide, alumina, talc kaolin 

powdered cellulose and microcrystalline ceUulose. as well as soluble materials such as 
manmtol, urea, sucrose, lactose, dextrose, sodium chloride and sorbitol. Stabilizers 
are used to inhibit or retard drug decomposition reactions that include, by way of ' 
example, oxidative reactions. Surfactants maybe anionic, cationic, knphoteric or 
15 nonionic surface active agents. ' 

The dosage fonn may also be a capsule, in which case the active agent- 
containing composition may be encapsulated in the form of a liquid or solid 
(including particulates such as granules, beads, powders or pellets). Suitable capsules 
may be either hard or soft, and are generally made of gelatin, starch, or a cellulosic 
matenal, with gelatin capsules preferred. Two-piece hard gelatin capsules are 
preferably sealed, such as with gelatin bands or the like. (See. for e.g.. Remington- 
The Science and Practice of Pharmacy, supra), which describes materials and methods 
for preparmg encapsulated pharmaceuticals. If the active agent-containing 
composition is present within the capsule in Hquid fonn. a liquid carrier is necessary 
to dissolve the active agent(s). The carrier must be compatible with the capsule 
matenal and all components of the phannaceutical composition, and must be suitable 
for ingestion. 

SoUd dosage fonns. whether tablets, c^sules, caplets, or particulates, may if 
desired, be coated so as to provide for delayed release. Dosage forms with delayed 
release coatings may be manufactured using standard coating procedures and 
eqmpment. Such procedures are known to those skilled in the art and described in the 
pertment texts (See, for e.g.. Remington: The Science and Practice of Phannacy 
supra). Generally, after preparation of the solid dosage form, a delayed release ' 
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coating oomposWon is appHed uring a coating pan, ad airiess spray 
flutdtzcd bed coating equipment or .he like. Delayed release coadng c«npositions 
compnse.polyM«ic material, e.8, cellulose taty^te phthatate, cellulose hydrogen 
phthaUte, ceUuloae proprionate phthalate. polyvinyl acetate phthalate, cellulose 
ace^te phthatate. ceUulose acetate trimelhute. hydroxjpropyl methyloellulose 
phthalate. hydroxyp„,pyl methylceUuIose acetate, diox»r„pyI methylcellulose 
sucomate. carhoxymethyl ethylcellulose. hydrox>propyl methylceUuIose acetate 
succmate. polymers and copolymer, formed ftom acyUo acid, methacryhc acid, 
and/or esters thereof. 

' '"^'^^'''''^-^•'"-S'&.msprovide&rdmgreleas.overanextendedtm.e 
penod.andmayormayno.hede.ayedre.ease.Generany.as,,iUbeappr^^ 
aose of ord-nary skill in the ar, sustained release dosage forms are fbrmulated by 
drspersmg adrug within amatrix of agraduaUy bioerodible (hydroly^able) materia, 
such as an msoluble plastic, a hydrophihc polymer, or a fatty compound, or by 
coahng a soBd^ dnrg^ntaming dosage form with such a material, h^oluble plastic 
mamc« n«y be comprised 05 for example, polyvinyl chlori^^ 

H^hahcpolymersuseiulfbrprovidingasustainedreleasecoatog or matrix 
ceMosrc polymers include. wiflrou.hmim,io„:cenulosic polymers such as 
h^xypropyl cenulose. hydroxyethy, cellulose, hydroxypropy, methylceUuIose. 
m^yl ceUulose. ethy, oeUuIose. ceUulose acetate. ceUulose acetate phthalate 
celtalose acetate trimeUitate, hydroxypropyhnethyl ceUulose phthalate 
hydr„x3^ropylceUu,ose phthalate, ceUulosehe^Urydropha^ 
hexahydrophthalate. and catboxymettrylceUulose sodium; acryUc acidpolymers and 
copolyme^ prefetably fonned irom acryhc acid. methacryUc acid. acryUc acid aHcyl 
esters.mea.acryhcacidaUtyles.e,s.and.heUke.e.g. copolymers of acrylic acid 
mea^hc acid, methyl acryW^ et^y. acrylate. meflryl methacrylate and/or eUr;i 
methacrylat^ with a te^olymer of ethyl acrylate. methyl methacrylate and 
tmneUrylammomc^hyl methacyUte chloride (sold under thctradename Eudn.gi.KS) 
preteed; vmyl polymer and copolymer such as polyvinyl pj^olidone. polylyl 
achate, polyvmylacetate phflralate. vinylacetate crotonic acid copolymer, and 
«hy.ene.vmy. achate copolymers; zein; and sheUac. ammoniated sheUae. sheUac- 
-etyl alcohol, and sheUac n-hutyl stearate. Fatty compounds for use as a sustained 



-65- 



30 



WO 2004/084880 

PCT/US2004/008700 

release matrix material include, bit arenot limited to. waxea generallv < 

wax) and glyceryl tristearate. • '^'^ SeneraUy (e.g., camauba 

Trammucosal Compositions and Dosa^ Forms 

5 of^ .^!"''*''''^"'°°'^'''»''^y'»=«toW«e«do.ally.„thermodes 
5 ofa^mmstnmon at. suitable as weU. ^or example, tn.nsm„o„s„ ^dlistr Z lav 
be advantageously eo^loyed. ~ 

.,.eo„ornn^„nordosageu.,.suitable.rapp«catio„.::~^ 
e^ampH fl» selected active agent may be administered to the buccal mursal an 
ad^e tablet or pat<*. subMnguaUy administered by placing a solid 
.0 -'-•^-"^.linguanyadmiuis.eredbyp.acingasoUddLge Jr^^^ 

^uSue.admm^nasallyasd..ple.soranasalsp,ay.adminLedbyJ^^^ 
Of » ae^sol formation, a non-aetosol ,i,tud fom,ulati„n, or a dry pow^^T 

™.bmornear.berect„mCW.cta,-.fonmdaHous,,oradmini«^:t'!2 
as a suppository, ointment, or the like. erea to the urethra 

affec.- W«»«>ri-aa,e.apenticaUy 
eirechve amount of an active agent and a bioerodible (hydrolyzable) Lv„, ■ 
.atmaya^oserveto^erethed^ge^^.^^irr-^-— ^ 
^ageumt.ftbrica.edaoastoe.ode„verap^etem^e,«„,^^„,^^ 
drug delivery IS provided essentiaUy throughout Th.«r„ • . '™em 

:o -----.abou:;.horrer::~r:::: 

-urs„vcrabmeperiodof«^about2ho„..oabout24hours. 

^^::rbor"^"n'~'^°='=---^'-----^- 

iiuurs to aoout 8 hours, more preferably over a time nenV.H «f 

-.4hours..neededbucc.arugLve.y::Zlt^^^^ 
> Penodoffrom about 1 hour to ahm,tioT,« ^"roveratmie 

72 hou^ more pteferably ftom about 12 bouts to about 48 boms, most prefet^y 
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The "therapeutically effective amoimf • of the active agent in the buccal 
dosage unit will of cou„e depend on the potency of the agent and the int«,ded 

IT: T'^." " 

*c sp^c rndtcatton, and fl.e like. The buccal dosage unit wiU generally contain 
5 flom about 1 .0 wt. % to about 60 wt % active agent, preferably on the order of ftom 
about I wt. % u, about SO wt % active agent. With regani to the bioe„,dible 
(hydroly^le) poly„,eric catxier. it «U be appr^iated that virtually any such canier 
can be used, so tog as the desired drug release p.„file is not c„n>pronnsed. and the 
earner .s compatible »ifl. the active agents to be administ«ed and any other 
con^pon^tsofthe buccal dosage unit. GeneraUy, the polymeric canier con^riaes a 
hydrophrhc (water-soluble and water-swellable) polymer fl^ adheres to a>e we. 
surface of «,e buccal mucos. Examples of polymeric came, useful he„in mclude 
acryhc acrd polymers and co. e.g., those known as ••cadxmrers" (Carbopol®. which 
-ybeob.amedfi„mB.F.Goodrich,isonesuchpolymer). Other suitable polyme. 
5 mclude. but are no. Ihnited to: hydrolyzed pplyvinylalcohol. polye«,y,ene oxidT 
(e.g., Senty Polyox® water sotable resins, available fiom Union Carbide)- 
poly^rytates (e.g.. Ganttez®. which may be obtained from GAF); vinyl ^lyn^ and 
«^ >™-=P°>yvinylpyr,„Udone;dex.ran;g^^,p,etin. starches. 
» ZTT'^r " (e.g.. Methocel®, which 

r ^ ^"^'^ =™ oe-u-ose (e.g.. 

Klucel®. winch may also be obtoed from Dow), hydroxypropy, cellulose ethe. 
(see. e.g.. U.S. Pat No. 4.704.285 to Aldennan), hydtoxyethyl celhUose 
carboxymeayl cellulose, sodimu carboxymethyl ceUulose. methyl ceUul'ose. efl.yl 
cel.ulose.celluloseace«ephttalate.ceUuloseaceta.ebut,rate,andthelike 

be mcorpotatedmtotte buccal dosage forms 
descnbed herein. Tie additional components include. b«, are not limi J.o 

d«n^ ^u^. binders, lubdcants. flavoring, colorants, preservative, and tire 
^^Bxan,lesofd«mtegran.,««^,^„^^^,^^_^^,^ 

may be ob.amed from GAP,, cross-hnked cart,oxylic meUrylcelluloses. such as 
croscarmelose (.g. Ac-di-sol®. which may be obtained from PMQ. alginic acid and 
^dmm carboxymeflryl stashes (e.g.. Bxplotab,.. which maybe obtain Jfiom 
BdwaM MedeU Co.. Inc.). metirylcellulose. agar bentonite and algmic acid. Sui«,le 
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diluent, are ttose which are generaUy usefld in phannaceutioal ftnnnlalions prepa^i 
u.mg con^pression techniques. e.g.. dicalcimn phosphate dihydrate (e.g.. Di-Tab® 
which may be obtained ftom StaufTer), sugars that have been processed by 
««0-tani.«aon With dextrin (e.g.,co-c,ystamzed sucrose 

PaM.,^hichmaybeobtai„«dftomA»s.ar).caIcinmphospha.e,ceUulose,kaoIin 
manmtol,sodiumchIoride.d,ys.arch,powdereds«gar and the like. Binders ifus«L 
«e those fl«t enhance adhesion. Exan^ies „f such binder include, but are not 
touted to statch, gelatin and suga. such as sucrose, dextrose, mola^. and lactose. 
Prtcularly prefened lubricants are steatates and stearic acid, and an optimal 
10 lubncant is magnesium stearate. 

Sublingual and lingual dosage fonns include tablets, creams, ointments 
lozenges, pastes, and any other soHd dosage form where the active ing«dient ii 
adnnxed into a disintegrable matrix. The tablet, cream, ointment or paste for 
subhngual or lingual delivety comprises a ,h«apeuticany effective amount of the 
selected active agent and one or more conventional nontoxic carriers suitable for 
subhngual or Hngual drug administration. lie subungual and hngua. dosage forms of 
the present mvention can be manufictured using conventional processes The 
subhngual and lingual dosage units are fabricated to disintegrate rapidly. He time 

0 ZIT '^'^ "'""^ ™' W » *e range of *om 

.0 about 10 seconds to about 30 minutes, and optimaUy is less than 5 minutes 

°*='«""l»-»'^-n^y also be incorporated into fl,e subhngual and Ungual 
dosage forms described hereia Tie additional components include, but a,« no, 

^ted to binder, disintegrants, wetting agents, lubricants, and the Uke. Examples of 
ta^ tl-atmaybe uaedincludewater. ethanol. po.yviny^.y„„Hdone; starch solution 
5 gelatm solutron. and the like. Suitable dismtegrants include dry starch, calcium 
carbonate, polyoxyethylene sorirftan iatty acid esters, sodium lauryl sulfate, stearic 
monoglyceride. lactose, and fl,e like. Wetting agents, if used, include glycerin 

^ ^jrelike. P«ticularlyp,e^,^.3n.sarestearatesandpolye«rylene 
glycol. Addrttonal components that may be mcorporated into subungual and Ungual 
dosage forms are known, or win be apparent, to those skilled in this art (See e . 
Renjingtom The Science and Practice of Phannacy. supra). 

P'"'«'^^-tennistra,ion..hefo,mulationcomprisesaureth^ 
form contaming the active agent and one or more selected carriers or excipients. such 
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as water, silicone, waxes, petroleum jelly, polyethylene glycol CPEG"). propylene 
glycol CTG"), liposomes, sugars such as mannitol and lactose, and/or a variety of 
olher materials, with polyethylene glycol and derivatives thereof particularly 
preferred. 

5 '°'P=°**™'^P«rt«Uaracave agent admimstered.it may be desuBble to 

mootpprate a transurethral permeation enhancer in the taethral dosage form 

^O-^TT, "^""^ ^nethybuifoxide 

( -DMSO ), dimethyl foimamide ("DMr.). N. N-dimethylaoetamide ("DMA") 

deoyhnethylsulfoxide ("Co MSO^. polyethylene glycol monolaurate C-PBGwi.") 
10 glycerol monolaurate. lecithin, .he .-substituted a^ycloheptan-Z-ones. particuj; 
l-n-dodecylcyclazacycloheptan.2-„ne(avaiIablemrderthetad«^ 
Nelson Resea^h & Developm«.t Co.. Irvine. Calif.). SBPA® (av«lable flom 
Macrochem Co., Lexington, Mass.). surfictants as discussed above, including for 
example. Tergitol®. Non„xynoI-i>8 and TWBEN-gO®. and low alkanols su^h as 
15 ethanol. 

IVansnrettaal drug administration, as explained in U.S. Pat. Nos 5 242 391 
5.474.535. 5.6g6.093 and 5.773.020, can be carded out in a number of dit;e..« wa;s 
-»gavane.yofurea.raIdosagefom«. For example, the drug can be induced 
"•"'^-a-ftomaf.exibletube.squeezebottle.pumporaerosolsp,^,. T„edr„g 
.0 may also be contained in coatings, pellets or suppositories 4at are absorb^ mehed 
orh„e.»dedintheured.a ^ certain embodiments. fl« drug is included in a coating 
on *e exterior surface ofa penile insert. K is preferred, although not essentia^ that 
the be dehvered flom at leas, about 3 cm into Are ur^hra. and p„ferab.y fiom a. 
leas, about 7 cm into the urethra. GenenOly. deUvery fcm at leas, about 3 cm to 

> ^-^-"intoaeu-thrawillptovideeffeotive.esultsineo.aunctionwi&the 
present method. 

Urettnal s^sitory formulations containing PEG or a PEG derivative may be 
convem«.t,y tbnnulatod using conventional ,«hni,ues. e.g.. compression molding 
heat moldmg or the Hk^ as »iU be appreciated by Urose skilled in the art and as 
d^bedintirepertinent liten^andpharmaceutical texts. (See. e.g..Reming^ 
n.e Scence and Practice of Pharmacy, supra), which discloses typical methods of 
P^anr^phannaceutical compositions in the fbm. of urettrra, suppositories. Bre 
PEGorPEGderivativepreferablyhasamolecular weight intherangeofiromabout 
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200.O abou. 2 500 «,„o,. «o«p^«^,y ^ 
WO ^mo Sunable po.y«,^», 

agcms cff«:ave .o inc».e a>a solubility of fl.. ao«ve ag». in 4e PEG 
or other transurethral vehicle. sramuiePEG 

B may be desirable to deliver the active agent in a urethral dosage ibm, that 
P-vdesforcontronedorsustained^leaseoftheagent In such a ess. JIs^^ 

z~ rr"'"' wabiodeg^: 

polyorthoeste.. polyaohydrides. albunnn. gelatin and starch. As «cplained 1^ 

exau:ple,inPCTPubHca.ionNo.WO9<.40054.«.esesndo«.erpolt^^^^^ 
-^-P"videbiodeg™,ab,en.c„.p^,,««^^,„„„^„^^^^ 

15 *"grelease.in.umnnnnnizing,here,uir«idosh.gfte,uency 

^ urethral dosage fonn win preferably comprise a suppository that is on the 
^-o^^-abo^.toaboutaon^rinlengu.p.eferablyfto.about'tol:^^^^ 

wda lie weight of the suppository wil, t^icaUy be in the range of flon. about 1 1 
20 --«-»OOn.g,p,eferablyi„«,erange„ftion.ab„utln.gtoaLt^ ^ 
However. „ will be app^ciated by those sldUed in «,e art that the size of tht 

Transurethral drug deUveiy may involve an «'arhV.»' ^ r 

deUvenng drugs m this way are weU known in th,=- , . . 

deHvervi, f™. , / ''"«°P''°'^«<'aUy assisted drug 

<tel.ve,y.s fi>rexample.describedinPCTPubHca«onNo.WO96/40054 cited 

--~-e.ci::~:reS:r'" 
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amount of the selected phoq>hodiesterase mUbitor and one or more conventional 
nontoxic earners smtable (br transrectal drug administration. Tb. t^asrectal dosage 
fonns 5f fl.e pres«« invention can be manufach^ using conventional ptocesses. The 
transrectal dosage unit can be fibricated to disin.egn.te rapidly or over a period of 
^eral hon„. time period for complete disintegration is ptefetably in the range of 
tom about 10 minutes to about 6 hours, and optimally is less than about 3 hours 

^I^o be iucotpomed into the transrectal dosage fbnns 
descnbedherem. lie additional components include, bu, are no. limited to. stiflening 
agents, antioxidants, preservatives, and fl.e like. Examples of stifiening agents that 

10 "aybeusedinclude.f„rexample,paraffl„.whitewaxandyeUowv««. ftefared 
anhoxidants. if used, include sodimn bisulfite and sodium metaMsnlfite 

Prefe^d vaginal or perivaginal dosage fo™s mclude vaginal suppositories 
creams, omtinents. Uquid annulations. pessaries, tampons, gels, pastes, foams or " 

15 past,, fcam or spray for vagina, or perivaginal deHvery comprises a therapeuticalt 
effl^ctive amount of the selected active agent and one or more conventional nontoi 
camera suitable fcr vaginal or perivaginal drug administration. The vaginal or 
penvaginal fom. „f fl.e present invention can be manufac«red using conventional 
proc^ses as disclosed in Remington: Tl.e Science and I.ractice of Phannacy. su^ 
20 (see also drug formulations as adapted in U.S. Patent Nos. 6.515.198; 6^00 822 
Mn.l8.; ...l<i,„.. ,3,,.„o. ,3.,., ,..,81,; ,172.062; ai^l ,15., 
The vagmal or perivaginal dosage unit can be fl>bricat«J to disintegrate rapidly or 
ov^ aperiod of several hours. The timeperiod fcrcomplete disintegration is 

25 IT? to about 6 hours, and optimaUy is 

25 less than about 3 hours. 

^"'"""^''■-•t^m'yalsobeinco.po.atedintothevaginalorperivaginal 
dosage Ibnns described hereit. The additional e^nponents include, bu, are not 
Urmted to. stiffening agents, aati^ddants, preservatives, and time hke. Examples of 
stifflmng agents «,a. may be used mclude. for example, paraffin, white wax and 

iO yelloww^. I>«fe-d««ioxidants.ifused. include sodium bisulfite and sodium 

metabisulfite. 

'r*'"»«™>8»'^mayalsobeadministeredinlraaasaUyorbyinhalaaon 
Compositions fbrintranasal administration are generaUyUqnidfonnulations fbr' 
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mt^oa^alad^^i.^ « -«^«ona. a„ also fa. J ^ ^/^'-T 
pastes or oi„ta«,te. For liquid ibmuIa«oi.s. ft. active agem J w t ' 
».««o,..,.,..eroriso*»iesaB„e,buffe^orIZ:r3^:^^^^^^^ 
5 Prefer*,,. «.,„«<^ „ ^ I^'JC 

ofabou.ftesa.epH.™,^,e.3..flo„3.ou.pH4.orirpr7,T"""' 
pH6 0toaboiit«W7A B ^ ^^^''^^PH 7.4 or, from about 

pxy oy way of example, phosphate buffers. Furthennore varionc ^ • 
2^'«'»*ear..r.e.«era.o„of*op,aropirr:Zlt^ 

0 ^""^--^--1'o^.s.and.^uaUyaud.i.oMcaUypowL/.^ 
d-spensers. Active age„. oo„«rU^ i^ ^^ J^^-P 

c^er^.^„„,,,^^^^^^^^^ jo™^ 
OtherinsredirJsTItLZ^^^^ 

nm^eral oTtgele lTr '"^^^ lubricating or viscous 

ai or vegetable o:ls, perfumes, natural or synthetic plant extracts such as 
aromatic oils, and humectants and viscosity enhancer, such a. e , 
be included to provide ;,HH,v , • ^^''^ ^^^^ ^' glycerol, can also 

te-g., propellent) or a dispersion aerosol m which the «rfi,« * • 
dispel ftroughom a ca^er and an op«oL HT 

-u„.cMoHdeso,„«on.„.in,aoonoe„J:r:2:r:^^^^^^ 
relative .o no™., body fluid addition .o fte ca:riLte u T " 

con.^wa.and.ore.oipien.ino,ndin.anantiZ";:r^^^^ 

hereof), a surfactant (e.g.. polysorbate 80. sodium lauryl sulfate, 

- 72 - . 
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sorbitan monopalmitate and combinalicns thcreoi), and/or a auspendmg agent (e g 
agar, bentonite, nucreoorstaUine cellulose, sodium caibo;(ym^^^^ 
hyAox^ropyl methylceUulose, tagaoantt, veegunx and combinations therlof) Non- 
aerosol Emulations for inhalation may also comprise dry powder formulations 
> particularly insufflations in »4ich the powder has an average particle size of ftom 
about 0.1 to about 50 m preferably fiom about 1 ,«n to about 25 ^ 

Topical Formulations 

Topical fom>ulati„ns may be in any fcim suitable fer appUcation to the body 
surface, and may comprise, for example, an ointment, cream, gel. lotion, solution 
paste or the like, and/or may be prepared so as to contdn liposomes. miceUes. an^or 
nncrosphe.es. Prefetred topical fomtnlations herein are omtments, c«ams and gels 

Omm,ents. as is weU known in the art of pham^ceutical fonnuMon are 
semisohdpreparations that are typically baaed on pem>latum orod«r petrole™ 
.taivatives. The specific omtmentbase to be used, as win be appreciated by those 
aMed m 4e art. is one that will provide for optimmn drug deUvcy. and. preferably. 
w,Uprov.defor outer desiredcharacteristics as waU. e.g.. emolliency or *e like. As 
„fl»r carriers or vehicles, an ointment base should be inert, stable, nonixritating 
and nonsensitizmg. As explained in Remington: The Science and Practice of 
Phamxacy. supra, oinhnen, ba.es maybe grouped in four classes: oleaginous bases- 
emulsiflable bases; emulsion bases; and water-soluble bases. Oleagmous ointment' 
bases mclnda. for example, vegetable oils. flUs obtained ftom animals, and semisolid 
hydrocatbonsobtainedftomp^roleum. Emubifiable ointment bases, also known as 
absorbent ointmenl bases, contain little or no water and mclude, Ibr example 

hydroxystearinsul&te, anhydrous lanolmandhydmphilicpetrolatum. Emullion 
omlm«>t bases are either water-m-oil (W/O) emulsions or oU-in-water (O/W) 
-uMons^ and include, for example, cetyl alcohol, glycety, monostearate, lanolin and 
steatK a^d-Ptefe^dwater-soIubleointmentbases areprepared from polyeflxylene 
^y^ls of varying molecntar weight (See. e.g.. Remington: ITae Science and Practice 
•^0 of Phannacy, supra). 

Creams, as also well known in the art, are viscous liquids or semisolid 
emulsions, either oil-in-water or wat^-in-oil. Qeam bases are water-washable, and 

contam an oU phase, an emuMer and an a,u»us phase. He oil phase, also caUed 
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the ••intamal" phase, is genemUy comprised of petrolatum and a fttty alcohol such as 
cetylorstearylalcohoL The aqueous phase usuaUy, although not necessarily exceeds 
theo,lphaseinyolume,andgeneranycontainsahmnectsnt. The emulsifier in a 
cream formulation is generally a noniomc. aniomc. cationic or amphoteric surfactant 

As will be ^reciated by those woridng in the field of phannaceutical 
fbnnulation. gels-are semisoKd, susp«,sion.,ype systems. Single-phase gels contain 
organic macromolecules distributed substantially unifonnly throughout the carrier 
hqmd. which is typically aqueous, but also, preferably, contain an alcohol and 
optionaUy. an oU. Preferred •'organic macromolecules," i.e.. gelling agents, a.^ 
10 crosslinked acryUc acid polymers such as the •■carbomef ftmily of polymers e g 
caitoxypolyalkylenes that may be obtained commerdaUy under the Carbopol® ' 
trademark. Also preferred are hydrophiUc polymers such as polyefliylene oxides 

polyoxyethylene-polyoxypropylene copolymers andpolyvinyIalcohol;celIulosic' 
P«'>™=-'uch as hyd.oxypropylceUulose,hyd.„xyethyl cellulose, hydroxypropyl 

me.hyIceUulose,hyd,„xypropyIme.hylcellulosephfl,alate,andm.thylceUulose;gums 
such as tragacanth and xanthan gum; sodium alginate; and gelatin, m order to prepare 
a umform gel. disperrfng agents such as alcohol or glycerin can be added or the 
• gelhng agent can be dispersed by .rihn:a«on. mechanical mixing, and/or stirring 

. ,J"""^°^''^^-'"<'™«° those skilled in the art. may be included in the 
20 topical formulati™^. For example, solubUi^ers may be used to solubilize certato 

activeagents. For those drugs having an unusuaUylowrate of pe^eation through 

aeskm or mucosal Hssue,itmay be desirable t„includeapermeation«Ju>ncermthe 
formulation; suitable enhancers are as described elsewhere herein. 

25 Transdermal Administration 

The compounds of the invention may also be admmistered through the skin or 
mucosal tissue using conventional transdennal drug deUvery systems, wherein the 
Mcnt IS contained within a laminated structure (typically refen^ ,„ as a transdermal 

patch thatservesasadrugdeHverydevicetobeaffixedtotheskin. IWlennal 
30 dmg dehvery may mvolve passive difRision or it may be facilitated usmg 

electrotransport, e.g., iontophoresis. In a tjpical transdermal -patch," the drug 
composition contained hi a layer, or -.eservoir." underlying an upper backing layer. 

The lammated structure may contamasinglereservoir. or itmaycontammultiple 
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reservoirs, m one type of patch, referred to as a "monoUthic" system, the reservoir is 
comprised of a polymeric matrix of a phannaceutically acceptable contact adhesive 
material that serves to a£Bx the system to the skin during drug delivery. Examples of 
suitable skin contact adhesive materials include, but are not limited to. polyethylenes. 
) polysiloxanes. polyisobutylenes. polyacrylates, polyurethanes, and the like. 

Alternatively, the drug-containing reservoir and skin contact adhesive are separate 
and distinct layers, with the adhesive underlying the reservoir which, in this case, may 
be either a polymeric matrix as described above, or it may be a liquid or hydrogel 
reservoir, or may take some other foim. 

The backing layer in tiiese laminates, which serves as the upper surfece of the 
device, functions as the primary structural element of the laminated stmcture and 
provides the device with much of its flexibiUty. The material selected for the backing 
material should be selected so that it is substantiaUy impermeable to the active agent 
and any other materials that are present, the backing is preferably made of a sheet or 
fihn of a flexible elastomeric material. Examples of polymers that are suitable for the 
backmg layer include polyethylene, polypropylene, polyesters, and the like. 

During storage and prior to use. the laminated stmcture includes a release 
hner. Immediately prior to use. this layer is removed from the device to expose the 
basal surfece thereof, either the drug reservoir or a separate contact adhesive layer so 
that the system may be affixed to the skin. ITie release liner should be made fix>m a 
drug/vehicle impermeable material. 

Transdermal dmg delivery systems may in addition contain a skin permeation 
enhancer. ITiat is. because the inherent permeability of the skin to some drugs may be 
too low to allow therapeutic levels of the drug to pass through a reasonably sized area 
of unbroken skin, it is necessary to coadminister a skin permeation enhancer with 
such dmgs. Suitable enhancers are well known in the art and include, for example 
those enhancers listed above in transmucosal compositions. 

Parenteral Administration 

Parenteral administration, if used, is generally characterized by injection 
mcludmg intramuscular, intraperitoneal, intravenous (IV) and subcutaneous injection 
Injectable formulations can be prepared in conventional forms, either as hquid 
solutions or suspensions; soUd forms suitable for solution or suspension in liquid prior 
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to injection, or as emulsions. Preferably, sterile injectable suspensions are fonnulated 
according to techniques known in the art using suitable dispersing or wetting agents 
and suspending agents. The sterile injectable formulation may also be a sterile 
injectable solution or a suspension in a nontoxic parenterally acceptable diluent or 
5 solvent Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, 
fixed oils are conventionally employed as a solvent or suspending medium.' A more 
recently revised approach for parenteral administration involves use of a slow release 
or sustained release system (See, e.g., U.S. Pat No. 3,710,795); 

Intravesical Administration 

Intravesical administration, if used, is generaUy characterized by 
administration directly into the bladder and may include methods as described 
elsewhere herein. Other methods of intravesical administration may include those 
described in U.S. Patent Nos. 6,207,180 and 6,039,967, as well as other methods that ' 
are known to one of skill in the art 
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Intrathecal Administration 

Intrathecal administration, if used, is generally characterized by administration 
directly into the intrathecal space (where fluid flows around the spinal cord). 

One common system utilized for intrathecal administration is the APT 
Intrathecal treatment system available &om Medtronic, Mc. APT Intrathecal uses a 
small pump that is surgically placed under the skin of the abdomen to deUver 
medication directly into the intrathecal space. The medication is dehvered through a 
small tube called a catheter that is also surgically placed. The medication can then be 
administered directly to ceUs in flie spinal cord involved in conveying sensory and 
motor signals. 

Another system available fi-om Medtronic that is commonly utilized for 
intrathecal administration is the is the fuUy implantable, programmable SynchroMed® 
Lifusion System. The SynchroMed® Infusion System has two parts that are both 
placed in the body during a surgical procedure: the catheter and the pump. The 
catheter is a small, soft tube. One end is comiected to the catheter port of the pump 
and the other end is placed in the intrathecal space. The pump is a round metal device 
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about one inch (2.5 cm) thick, three inches (8.5 cm) in diameter, and weighs about six 
ounces (205 g) that stores and releases prescribed amounts of medication directly into 
the intrathecal space. » is made of titanium, a lightweight, medical-grade metal. The 
reservoir is the space inside the pump that holds the medication. The fill port is a 
5 raisedcenterportionofthepmnpthroughwhichthepumpisrefilled. Hxedoctorora 
nurse inserts a needle through the patient's skin and through the fill port to fill the 
pump. Some pumps have a side catheter access port that allows the doctor to inject 
other medications or sterile solutions directly into the catheter, bypassing the pump. 
The SynchroMed® pump automatically deHvers a controlled amount of 
) medication through the catheter to the intrathecal space around the spinal cord where 
It IS most effective. The exact dosage, rate and timing prescribed by the doctor are 
entered in the pump using a programmer, an external computer-like device that 
controls the pump's memory. Infomiation about the patient's prescription is stored in 
the pmnp's memory. The doctor can easily review this information by using the 
programmer. The programmer commmricates with tho pump by radio signals that 
allow the doctor to tell how the pump is operating at any given time. The doctor also 
can use the programmer to change your medication dosage. 

Methods of intoathecal adminisfation may include those described above 
available fiom Medtironic. as well as other methods tiiat are known to one of skill in 
20 the art. 

Additional Dosage Formulations and Drug Delivery Systems 

As compared witii ti:aditioma drug deUvery approaches, some controUed 
release technologies rely upon the modification of both macromolecules and synthetic 
small molecules to allow them to be actively instead of passively absorbed into the 
body. For example. XenoPort Inc. utilizes technology that takes existing molecules 
and re-engineers them to create new chemical entities (unique molecules) that have 
unproved pharmacologic properties to either: 1) lengthen the short half-life of a drug- 
2) overcome poor absorption; and/or 3) deal with poor drug distiibution to target 
tissues. Techniques to lengthen the short half-life of a drug include tiie use of 
prodrugs with slow cleavage rates to release drugs over time or that engage 
transporter, m small and large intestines to allow tiie use of oral sustained deUvery 
systems, as weU as drugs tiiat engage active transport systems. Examples of such 
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controUed release fonnulations, tablets, dosage fonns, and drug deUvery systems, and 
that are suitable for use with the present invention, are described in the following 
published US and PCT patent ^pUcations assigned to Xenoport Inc.: 
US20030158254; US20030 158089; US20030017964; US2003130246; 
i WO02100172; WO02100392; WO02100347; WO02100344; WO0242414; 
WO0228881; WO0228882; WO0244324; WO0232376; WO0228883; and' 
WO022841 1. In particular. Xenoport's XP13512 is a transported Prodrug of 
gabapentin that has been engineered to utilize high capacity transport mechanisms 
located in both the smaU and large intestine and to rapidly convert to gabapentin once 
m the body. In contrast to gabapentin itself. XP13512 was shown in preclinical and 
chnical studies to produce dose proportional blood levels of gabapentin across a broad 
range of oral doses, and to be absorbed efficiently from the large intestine. 

Some other controUed release technologies rely upon methods that promote or 
enhance gastric retention, such as those developed by Depomed Inc. Because many 
drugs are best absorbed in the stomach and upper portions of the small intestine 
Depomed has developed tablets that swell in the stomach during the postprandial or 
fed mode so that they are treated like undigested food. These tablets therefore sit 
safely and neutiaUy in the stomach for 6. 8, or more hours and deliver drug at a 
desired rate and time to upper gastrointestinal sites. Specific technologies in this area 
mclude: 1) tablets that slowly erode in gastric fluids to deliver drugs at ahnost a 
constant rate (particularly useful for highly insoluble drugs); 2) bi-layer tablets that 
combme drugs with different characteristics into a single table (such as a highly 
insoluble drug in an erosion layer and a soluble drug in a difiusion layer for sustained 
release of both); and 3) combination tablets that can either deliver drugs 
simultaneously or in sequence over a desired period of time (including an initial burst 
of a fast acting drug followed by slow and sustained deKvery of another drug) 
Examples of such controlled release formulations that are suitable for use with the 
present invention and that rely upon gastric retention during the postprandial or fed 
mode, include tablets, dosage forms, and drug delivery systems in the following US 
patents assigned to Depomed Inc.: US 6,488,962; US 6,451.808; US 6.340 475- US 
5,972,389; US 5,582,837; and US 5,007.790. Examples of such controUed'release 
formulations that are suitable for use with the present invention and that rely upon 
gastric retention during the postprandial or fed mode, include tablets, dosage forms 
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and drug delivery systems in the following pubUshed US and PCT patent ^plications 
assigned to Dq)omed Inc.: US20030 147952; US20030104062; US20030104053; 
US20030104052; US20030091630; US20030044466; US20030039688; 
US20020051820; WO0335040; WO0335039; WO0156544; WO0i322l'7; 
5 WO9855107; W09747285;andW09318755. 

Other controlled release systems include those developed by ALZA 
Corporation based upon: 1) osmotic technology for oral delivery; 2) transdermal 
deUvery via patches; 3) liposomal deUvery via intravenous injection; 4) osmotic 
technology for long-term delivery via implants; and 5) depot technology designed to 
deliver agents for periods of days to a month. ALZA oral delivery systems include 
those that employ osmosis to provide precise, controUed drug delivery for up to 24 
hours for both poorly soluble and highly soluble drugs, as well as those that deKver 
high drug doses meeting high drug loading requirements. ALZA controlled 
transdermal delivery systems provide drug deUvery through intact skin for as long as 
one week with a single appUcation to improve drug absorption and deUver constant 
amomits of drug into the bloodstream over time. ALZA Uposomal dehveiy systems 
involve Upid nanoparticles that evade recognition by the immune system because of 
their unique polyethylene glycol (PEG) coating, allowing the precise delivery of drugs 
to disease-specific areas of the body. ALZA also has developed osmotically driven 
systems to enable the continuous delivery of small drugs, peptides, proteins, DNA and 
other bioactive macromolecules for up to one year for systemic or tissue-specific 
therapy. Finally, ALZA depot injection therapy is designed to deliver 
biophannaceutical agents and small molecules for periods of days to a month using a 
nonaqueous polymer solution for the stabilization of macromolecules and a unique 
25 delivery profile. 

Examples of controlled release fonnulations, tablets, dosage forms, and drug 
deUvery systems that are suitable for use with the present invention are described in 
the following US patents assigned to ALZA Corporation: US 4,367.741; US 
4.402,695; US 4.418,038; US 4,434,153; US 4.439.199; US 4.450,198; US 4,455,142- 
US 4.455,144; US 4.484,923; US 4,486,193; US 4,489,197; US 4,51 1,353; US 
4.519,801; US 4,526,578; US 4.526,933; US 4,534.757; US 4.553,973; US 4.559 222- 
US 4,564,364; US 4.578.075; US 4.588.580; US 4.610,686; US 4.612.008; US 
4,618.487; US 4.627,851; US 4,629.449; US 4.642,233; US 4,649,043; US 4,650,484; 
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us 4,659,558; US 4,661,105; US 4.662,880; US 4,675.174; US 4,681,583- US 
4,684,524; US 4,692^36; US 4,693,895; US 4.704,1 19; US 4,705,515; Us" 4 717 566- 

US 4,721,613; US 4,723,957; US 4,725,272; US 4.728,498; US 4,743,248- US 
4.747,847; US 4.751,071; US 4,753,802; US 4,755,180; US 4,756,314; US 4 764 380- 

5 US 4,773,907; US 4,777,049; US 4,7814>24; US 4,783.337; US 4,786,503- US ' 
4,788,062; US 4,810,502; US 4.812,313; US 4,816.258; US 4,824.675; US 4 834 979- 
US 4,837,027; US 4.842,867; US 4,846.826; US 4.847.093; US 4.849.226; US ' ' 
4.851.229; US 4,851,231; US 4,851.232; US 4,853.229; US 4,857,330; US 4 859 470- 
US 4,863.456; US 4,863.744; US 4.865.598; US 4,867,969; US 4,871 548- US 

. 4,872,873; US 4,874,388; US 4,876,093; US 4,892,778; US 4,902.514; US 4 904 474- 
US 4.913,903; US 4,915,949; US 4.915,952; US 4.917.895; US 4.931.285; US ' ' 
4.946.685; US 4,948,592; US 4,954,344; US 4,957,494; US 4,960,416; US 4 961 931- 

US 4,961,932; US 4.963,141; US 4.966,769; US 4,971.790; US 4,976.966- US ' ' 
44>86,987; US 5,006,346; US 5.0I7.38I; US 5,019.397; US 5.023.076; Us' 5.023 088- 

US 5.024.842; US 5.028.434; US 5.030,454; US 5,071.656; US 5,077.054- US ' ' 
5.082,668: US 5,1H390; US 5.110,597; US 5.122.128; US 5.125.894; US 5.141 750- 

US 5,141,752; US 5,156,850; US 5,160,743; US 5,160,744; US 5,169,382- US ' ' 
5.171,576; US 5,176,665; US 5,185,158; US 5,190,765; US 5.198,223; US 5,198 229- 

US 5,200,195; US 5,200.196; US 5.204.116; US 5.208.037; US 5,209.746- US ' ' 
5.221.254; US 5.221,278; US 5.229,133; US 5.232.438; US 5.232.705; US 5.236 689- 

US 5.236.714; US 5,240.713; US 5,246.710; US 5.246,711; US 5.252.338- US ' 
5.254.349; US 5,266,332; US 5^,752; US 5,284,660; US 5,286,491; US 5,308 348- 

US 5,318,558; US 5,320,850; US 5,322.502; US 5,326,571; US 5,330,762; US 
5,338,550; US 5,340,590; US 5,342,623; US 5.344,656; US 5,348.746; US 5.358 721 ■ 

US 5.364.630; US 5.376.377; US 5.391,381; US 5.402.777; US 5.403,275- US ' ' 
5.41 1.740; US 5.417.675; US 5,417.676; US 5,417,682; US 5,423,739; US 5,424 289- 

US 5.431.919; US 5,443,442; US 5.443.459; US 5,443.461; US 5.456.679- US ' ' 
5,460,826; US 5,462,741; US 5.462,745; US 5.489,281; US 5,499.979; US 5.500 222- 

US 5,512,293; US 5,512,299; US 5,529,787; US 5.531,736; US 5.532,003- US ' 
5,533,971; US 5,534,263; US 5,540.912; US 5,543,156; US 5,571,525; US 5.573 503- 

US 5,591,124; US 5,593,695; US 5.595.759; US 5.603.954; US 5,607,696- US ' 
5,609,885; US 5.614,21 1; US 5,614,578; US 5,620,705; US 5,620,708; Us' 5,622 530- 

US 5,622,944; US 5.633,011; US 5,639,477; US 5,660,861; US 5,667.804; US ' ' 
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5.667.805; US 5.674.895; US 5.688.518; US 5.698.224; US 5.702.725; US 5 702 727- 
US 5.707.663; US 5.7.3.852; US 5.718.700; US 5.736.580; US 5.;70;27. US 
5.780.058; US 5.783.213; US 5.785.994; US 5,795.591; US 5.811.465; US 5,817 624- 
US 5,824.340; US 5,830.501; US 5,830,502; US 5,840,754; US 5.858.407- US 
. 5,861,439; US 5,863,558; US 5,876,750; US 5,883.135; US 5,840.754; US 5 897 878- 
US 5,904,934; US 5 <HM.935; US 5,906,832; US 5,9,2.268; US 5,;,4 .31 US 
5.916.582; US 5.932.547; US 5.938.654; US 5,941,844; US 5.955,.03' US 5 972 369- 
U. 5,972,370; US 5,972.379; US 5.980.943; US 5.98..4S9; US 5.;8,;^ ^ " 

r™ US 6,004 578- 

US 6.008..87; US 6.020.000; US 6.034..0.; US 6.036.973; US 6.039,977- US 

tZZ^' '''^ ^ «.096 339- 
US 6..06.845; US 6.. .0.499; US 6..20.798; US 6.120,803; US 6,124,261- Js 

US 6.203,817; US 6,210,712; US 6,210,713; us 6,2244>07; US 6,235,7,2- US 
6^245,357; US 6,262,115; US 6,264,990; US 6,267,984; US 6,287,598; US 6 289 24,- 
US 6,33,.3..; US 6,333,050; US 6,342,249; US 6,346,270; US 6365.;3- U^ 
6^68.626; US 6,387,403; US 6,4.9,952; US 6,440,457; US 6.468.96,; US 6 491 683- 
1^ 6 512,010; US 6,514,530; US 6534089; US 6,544.252; US 6,548.083; U^ ' 
6,551,613; US 6,572,879; and US 6,596.3.4. 

°*™P'-°f-n.ronedre,:asefonnutaaon.,«„e,s,d„«gefc^^<, 

m foUowmg puMshed US pa.e« appUo.a„„ ^ pcx appUoation. a.si«aed .o 
ALZACoiporation: US200.005..83; WO0004886; WO00.3663; WO0013674- 
WO0025753; WO0025790; WO0035419; WO0038650; WO0040218; WO0(^5790- 

WO0066.26;WO0074650;WO01,9337;WO0.19352;WO012121i:wO0U78^.' 
WO0141742; WO0.4372.; WO0.56543; WO3041684; WO0304.68;- 
WO03041757; WO03045352; WO03051341; WO03053400; WO0305;40.- 
WO9000416; WO9004965; W09,13613; W09..6884; WO92040..; W09;„843- 
W092,2692; W092.352,; W092.7239; WO92,8.02; WO930007.- V^Js^l 
WO9306819; W09314813; W093.9739; WO9320,27; WO9320134: W^Z-' 
WO9408572; W094.6699; W0942,262; W09427587; W09427589: WoZL'-' 
W095,9.74; W09529665; WO9600065; W096.3248; W09625922- 
WO9640049; WO9640050; WO9640.39; WO9640364; WO964036 wZX' 
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WO9800158; WO9802169; W09814168; WO98I6250; W098I7315; W09827962- 
W09827963; W098436U: WO9907342; W09912526; W09912527- W09918159' 
W09929297; W09929348: WO9932096; W09932I53; W09948494 W0995673o' 
W09958n5;mdW09962496. ^=0'M, 

5 ^'^'^Sdeaveryteotoclogysuitableforu^toaepresentmventlonis 
that disclosed by DepoMed, Inc. in U.S. Paten, No. 6.682.759, which discloses a 

meftod fcrmaau&cturing aphannaceudcal «et for oral adn,inisWion combirung 
both mmediate-release and prolonged-release modes of drug deUvcy. no bblet 
according ,o fl>. mettod con,prises a p:»longed-release drug core ™i an inunediate- 
release drug coating or layer, which can be insoluble or sparingly soluble m water 
Tl,e method linnts fl,e dn,g particle diameter in the in^ediat^release coating or layer 

tolOnnc,ousorless.llecoa,ingorlayeriseifterfl,eparticIes.h«i.elves.appHed 

as an aqueous suspension. orasoUd composition fliatcontdns the drug particles 
■»«»porated in a solid material that disint^tes rapidly in gastric fluid 

. And« Corporation has also developed drug delivery technology suitable for 

ri"*:7"''7'^°"'^-'-«'-^'>='P="^<^edpulsatiledeUve.ysys^ 
( pros ); 2) a smgie composition osmotic tablet syaem ("SCOT-); 3) a sotability 
modulating hydrogel system (SMHSy. 4) a delayed pulsatile hydrogel system 
( -DPHS"); 5) a stabilized peUet delivery system ("SPDS"); 6) a granulated 
modulating hydrogel system ("GMHS-); 7) a palletized tablet system CTELTAB")- 
8) a porous tablet system TTORTAR^^. c^^a Q^ i^m - , 
r'-^Tn<!.^ »or,o ' ^^'™'''^^"'*'^«'«""<teHveorsyslan 

T, . '^^««^-'*^~ifi'=|x'lyme.,»dagentsto 
contromereleasa rate ofthemicroencapsulateddrugandis designed for use with 
fagstotrequireapulsedrelease. SCOT utilizes various osmotic modulating agents 

as weuaspolymer coatings .op.ovideaze™^drugreIease.SMHSutilizesa 
hydrogel-based dosage system that avoids the ••hutial bum effect" commonly 
observed with other sustained-release hydrogel formulations and that provides for 
sussed release without the need to use special coatings or structures that add to 
cos, of manuftcturing. DPHS is designed for use with hydrogel matrix products 
ctaac^^ by an initial zero-oMer drug release followed by a rapid release that is 
a^^-ed by fl.e blending of selected hydrogel polymers to achieve a delayed pube. 

SPDS mconx-ratesapeUet core Of drug andprotectivepolymer outer layer. a>dis 
des.gned specificaUy for unstable drugs, while GMHS mco.po.ates hyd^gel and 
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binding polymers with the drug and fonns granules that are pressed into tablet form 
PELTAB provides controlled release by using a water insoluble polymer to coat 
discrete drug crystals or pellets to enable them to resist lie action of fluids in the 
gastrointestinal tract, and these coated peUets are then compressed into tablets 
> PORTAB provides controlled release by incorporating an osmotic core with a 

continuous polymer coating and a water soluble component that expands the core and 
creates mxcroporous chamiels through which drug is released. FinaUy, STDS includes 
a dual layer coating technique that avoids the need to use a coating layer to separate 
the entenc coating layer from the omeprazole core. 

Examples of controlled release fonnulations, tablets, dosage forms, and drug 

deHvery systems that are suitable for use with thepresent invention are described in 
the following US patents assigned to Andix Corporation: US 5.397 574- US 

5,419,917; US 5,458,887; US 5,458.888; US 5.472,708; US 5,508,040; US 5 558 879- 

US 5,567,441; US 5,654,005; US 5,728,402; US 5.736,159; US 5.830,503- US ' ' 
5 834.023; US 5.837.379; US 5.916.595; US 5.922.352; US 6.099,859; US 6.099.862- 
US 6.103,263; US 6,106,862; US 6,156,342; US 6,177,102; US 6,197 347- US 
6.210,716; US 6.238.703; US 6,270,805; US 6,284,275; US 6,485,748; Us' 6,495 162- 

US6,524,620;US6,544,556;US6,589,553;US6.602,522;andUS6,610326 ' ' 
Examples of controlled release fonnulations, tablets, dosage fomas, and dmg 

dehvery systems that are suitable for use with the present invention are described in 
the following pubhshed US and PCT patent applications assigned to Andrx 

Corporation: US200 10024659; US200201 15718; US20020156066; WO0004883. 
WO0009091; WO0012097; WO0027370; WO0050010; WO0132161; WO0134123. 
WO0236077; WO0236100; WO02062299; WO02062824; WO02065991- 
WO02069888; WO02074285; WO03000177; WO9521607; W09629992- 
WO9633700; WO9640080; W09748386; W09833488; W09833489; WO9930692- 
W09947125; and WO9961005. 

Some other examples of drug deUvery approaches focus on non-oral drug 
dehvery, prx,viding parenteral, transmucosal, and topical deUvery of proteins 
peptides, and smaU molecules. For example, the Atrigel^ dmg delivery systJm 
marketedby Atrix Laboratories Mc. comprises biodegradable polymers, similar to 
those used in biodegradable sutures, dissolved in biocompatible carriers. These 
phannaceuticals may be blended into a liquid delivery system at the time of 
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manufacturing or. depending upon the product, may be added later by a physician at 
the time of use. Injection of the liquid product subcutaneously or intramuscularly 
through a small gauge needle, or placement into accessible tissue sites through a 
cannula, causes displacement of the canier with water in the tissue fluids, and a 

5 ^bsequent precipitate to fonn from the polymer into a solid mm or implant The 
drug eac^sulated within the implant is then released in a controlled manner as the 
polymer matrix biodegrades over a period ranging from days to months. Examples of 
such drug delivery systems include Atrix's Eligard®, Atridox®/ Doxirobe® Atrisoib® 
FreeFlow™/ Atrisorb^-D FreeFlow. bone growti. products, and others as described in 

) the following published US and PCT patent appUcations assigned to Atrix 

Laboratories Inc.: US RE37950; US 6.630.155; US 6.566.144; US 6.610 252- US 
6.565,874; US 6.528,080; US 6.461.631; US 6.395,293; US 6.261.583; US 6'l43 314- 

US 6.120.789; US 6.071,530; US 5.990.194; US 5.945.115; US 5,888,533- US ' ' 
5.792.469; US 5,780,044; US 5.759.563; US 5.744.153; US 5,739.176; US 5.736 152- 

US 5.733.950; US 5.702.716; US 5.681.873; US 5.660,849; US 5.599 552- US ' ' 
5.487,897; US 5,368,859; US 5,340.849; US 5.324,519; US 5.278.202; US 5 278,201- 
US200201 14737, US20030195489; US20030133964;US 20010042317- 
US20020090398; US20020001608; and US2001042317. 

Atrix Laboratories Inc. also markets technology for the non-oral transmucosal 
dehvery of drugs over a time period from minutes to hours. For example. Atrix's 
BEMA (Bioerodible Muco-Adhesive Disc) drug dehvery system comprises pre- 
fonned bioerodible discs for local or systemic delivery. Examples of such drug 
dehvery systems include those as described in US Patent No. 6.245.345. 

Other drug dehvery systems marketed by Atrix Laboratories' Inc. focus on 
topxcaldrugdelivery. For example, SMP~ (Solvent Particle System) allows the 
topical dehveiy of highly water-insoluble drugs. This product allows for a controlled 

amount ofadissolveddrugtopermeate the epidermal layer ofthe skin by combining 
thedissolveddrugwithamicroparticlesuspensionofthedrug. The SMP™ system 
works in stages whereby: 1) the product is applied to the skin surface; 2) the product 

near folUclesconcenfrates at the skinpore; 3) the drug readilypartitions into skin oils- 
and4)thedrugdifaxsesthroughoutthearea. By contrast. MCA« (Mucocutaneous ' 
Absorption System) is a water-resistant topical gel providing sustained drug dehvery. 

MCA® formsatenaciousfihn for either wet or dry surfaces where:l)theproduct is' 
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appUed to the skin or mucosal surfece; 2) the product forms a tenacious moisture- 
resistant film; and 3) the adher^ fihn provides sustained release of drug for a period 
from hours to days. Yet another product. BCP™ (Biocompatible Polymer System) 
provides anon-cytotoxic gel or liquid that is appUed as aprotective fihn for wound 
5 heahng. Examples of these systems mclude Orajel® Ultra Mouth Sore Medicine as 
weU as those as described in the following pubhshed US patents and applications 
assigned to Atrix Laboratories Inc.: US 6,537,565; US 6,432,415; US 6,355 657- US 
5,962,006; US 5,725,491; US 5,722.950; US 5.717,030; US 5.707.647; US 5 63^ 727- 
and US2001 0033853. ' 

Additional fonnulations and compositions available from Teva 
Pharmaceutical hidustries Ltd.. Warner Lambert & Co.. and Godecke 
Aktiengesellshafl that include gabapentin and are useful in the present invention 
mclude those as described in the following US patents and published US and PCX 
patent applications: US 6.531,509; US 6.255.526; US 6.054.482; US2003055109- 
US2002045662; US20020091 15; WO 01/97782; WO 01/97612; EP 2001946364.' 
WO 99/59573; and WO 99/59572. 

Additional formulations and compositions that include oxybutynin and are 
useful m the present invention mclude tiiose as described in the following US patents 
andpubhshedUSandPCTpatentapphcations: US 5.834.010; US 5.601.839; and US 
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Dosage and Administration 

The concentration of the active agent in any of the a&n=maiaoned dosage 
fonn. and compositions can vaty a great deal, and wiU dq«nd on a variety of fectors 
mcludmg the type of composition or dosage fonn. the con^dmg mode of 
admmtstration, the nal,« and activity of the specific active agent, and the intended 
drug release profile. Prefenred dosage fonns contain a nnit dose of active agent ie a 
smglether^euticaUy effective dose. For oreams, ointinents, etc., a "nnit dose"' ' " 
reqmres an active agent concentration that p^vides a unit dose in a specified quantity 
of flie formulation to be applied. Ihe unit do^ of any particular active agent will 
dqjend. of course, on the active agent and on Uie mode of administtation 

For the active agents of the present invention (including an ctS subunit 
calcum channel modulator in combinatt«> with a compound with smooth muscle 
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modulatory cffeofa), tte um. dose fcr ond. tammuoosal, topical, tamsdennal. and 
paraiteral a<toimstr^» wHl be in the range of from about 1 to about 10 000 m. 
about 5 ng to about 9.500 mg. about 10 ng to about 9,000 n.g, about 20 „g to about ' 
8400 mg, about 30 ng to about 7.500 mg. about 40 ng to about 7,000 mg. about 50 ng 
to about 6.500 mg. about "00 ng to about 6.000 mg, about 200 ng to about 5,500 tog 
about 300 ng to about 5,000 mg, about 400 ng to about 4.500 mg, about 500 ng to ' 
about 4,000mg, about 1 ^g to about 3,500 mg, about 5 to about 3.000 m^ about 

10,.gtoabou. 2,600 mg, about 20 Mgtoabout2.575mg, about 30 ^gtoabon.2 550 
mg, about 40 ;.g to about 2,500 mg, about 50 ;.g to about 2,475 mg, about 100 ^ to 
about 2,450 mg. about 200 to about 2,425 mg, about 300 to about 2,000, about 
4(W Mg to about 1, 1 75 mg, about 500 ^g to about 1,150 mg, about .5 mg to about 
1,125 mg. about 1 mg to about 1.100 mg. about 1.25 mg to about 1,075 mg, about 1 5 
n.gto about l,050mg, about 2.0 mg to about 1,025 mg, about2.5 mg to l,000mg ' 
ab^ut 3.0 mg to about 975 m^ about 3.5 mg to about 950 mg, about 4.0 mg to abom 
925 m^ about 4.5 mg to about 900 m^ about 5 mg to about 875 mg. about 10 mg to 
abom 850 mg. about 20 mg to about 825 mg. about 30 mg to about 800 mg. about 40 
mgto *ou. 775 mg. about 50 mg to about 750 mg. about lOOmgto about 725 mg 

abon.200mg.oab„ut 700 mg. about 300mgtoabout675mg. about 400 mgtoabout 
650 mg, about 500 mg, or about 525 mg to about 625 mg. 

Alternatively, for active agents ofthe present invention (inoluding an 

subuM, calcium cham-el modulator in combination wifl^acompound with smoofl. 
muscle modulatory effects), the unit dose ftr ^ tranamucosal, topical, transdennal 

andparenteraladministtatio„wiUb.e,ualtoorgriatorthaaaboutlng.about5ng ' 
about 10 ng. about 20 ng. about 30 ng, about 40 ng, about 50 ng, about 100 ng, abo« 
200ng, abom 300n^ about 400 ng. about 500 ng. about 1 ^ about 5 ,g. about 10 

«8. about 20«, about 30;,g. about 40^about 50 .g.aboutl00,g. about 200 Mg 
about «, about 400 ,g. about 500 ,g. about .5 mg. about 1 „g. about 1.25 n^ 

abou^ « mg. about 5 mg. about 10 mg. about 20 mg. about 30 mg. about 40 mg. 
about 50 ma about 100 mg. about 200 mg. about 300 mg, about 400 mg. about 500 
^ about 600 mg. about 625 mg. about 650 mg. about 675 mg. about 700 mg. abo« 

about 875 ma about 900 mg. about 925 mg. about 950 mg. abou* 975 mg. about 1000 
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mg, about 1025 mg, about 1050 mg, about 1075 mg, about 1 100 mg, about 1 125 mg 
about 1 150 mg, about 1 1 75 mg, about 1200 mg, about 1225 mg, about 1250 mg 
about 1275 mg. about 1300 mg. about 1325 mg, about 1350 mg. about 1375 mg 
about 1400 mg. about 1425 mg, about 1450 mg, about 1475 mg. about 1500 mg 
5 about 1525 mg. about 1550 mg. about 1575 mg, about 1600 mg, about 1625 mg' 
about 1650 mg, about 1675 mg, about 1700 mg, about 1725 mg, about 1750 mg 
about 1775 mg, about 1800 mg, about 1825 mg. about 1850 mg, about 1875 mg 
about 1900 mg, about 1925 mg, about 1950 mg, about 1975 mg. about 2000 mg 
about 2025 mg, about 2050 mg. about 2075 mg. about 2100 mg, about 2125 mg 
about 2150 mg. about 2175 mg. about 2200 mg, about 2225 mg, about 2250 mg 
about 2275 mg, about 2300 mg. about 2325 mg, about 2350 mg. about 2375 mg 
about 2400 mg. about 2425 mg. about 2450 mg. about 2475 mg, about 2500 mg 
about 2525 mg. about 2550 mg. about 2575 mg, about 2600 mg. about 3,000 mg 
about 3,500 mg, about 4,000 mg. about 4.500 mg, about 5,000 mg. about 5,500 mg 
about 6,000 mg, about 6,500 mg. about 7.000 mg, about 7.500 mg. about 8.000 mg 
about 8.500 mg. about 9.000 mg, or about 9.500 mg. 

For the active agents of the present invention (including an a^S subunit 
calcium channel modulator in combination with a compound with smooth muscle 
modulatory effects), the unit dose for intrathecal administration wiU be in the range of 
from about 1 fg to about 1 mg, about 5 fg to about 500 ^g, about 10 fg to about 400 
fig, about 20 fg to about 300 ^g. about 30 fg to about 200 ^g. about 40 fg to about 100 
lig, about 50 fg to about 50 Mg. about 100 fg to about 40 f.g, about 200 fg to about 30 
Mg. about 300 fg to about 20 /*g. about 400 fg to about 10 about 500 fg to about 5 

Mg,aboutlpgtoaboutlMg.about5pg to about 500 ng.aboutlOpgto about 400 ng 

about20pgtoabout300ng.about30pgtoabout200ng,about40pgtoaboutl00 ' 
ng, about 50 pg to about 50 ng, about 100 pg to about 40 ng. about 200 pg to about 30 
ng. about 300 pg to about 20 ng. about 400 pg to about 10 ng. about 500 pg to about 5 
ng. 

Alternatively, for the active agents of the present invention (including an ofeS 
subunit calcium channel modulator in combination with a compound with smooth 
muscle modulatory effects), the unit dose for intrathecal administration will be equal 
to or greater than about 1 fg. about 5 fg. about 10 fg, about 20 fg, about 30 fg, about 
40 fg. about 50 fg. about 100 fg. about 200 fg. about 300 fg. about 400 fg. about 500 
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fg, about 1 pg. about 5 pg. about 10 pg. about 20 pg, about 30 pg, about 40 pg, about 
50 pg. about 100 pg, about 200 pg, about 300 pg, about 400 pg. about 500 pg about 1 
ng, about 5 ng. about 10 ng. about 20 ng. about 30 ng. about 40 ng. about 50 ng, about 
100 ng. about 200 ng, about 300 ng. about 400 ng, about 500 ng. about 1 ;ug about 5 
5 Mg. about 10 us, about 20 „g, about 30 f,g, about 40 /.g, about 50 fig, about 100 (ig 
about 200 ng, about 300 fig, about 400 /xg, or about 500 /xg. 

The present invention also encompasses a phannaceutical fonnulation 
encompassing oxybutyinin, wherein the unit dose for oral, transmucosal. topical, 
transdermal, and parenteral administration of said oxybutynin will be in an amount 
10 equal to or less than about 5 mg. about 4.5 mg. about 4 mg, about 3.5 mg, about 3 mg 
about 2.5 mg, about 2 mg, about 1.5 mg, about 1.25 mg. about 1.0 mg. or about 5 mg 
Because of the synergistic action of 0,5 subunit calcium chamiel modulators when 
combmed with smooth muscle modulators, dosages of subunit calcium channel 
modulators and smQotii muscle modulators that have been known in the art or 
piloted not to be effective for treating pam, including neuropathic pain, nociceptive 
pam, chronic pelvic pain, as well as pain associated with specific disorders such as 
mterstitial cystitis, prostatitis, prostadynia. vulvar vestibuhtis, vulvodynia, functional 
abdommal pain s>^drome, functional dyspepsia, and irritable bowel syndn>me are 
effective when administered according to the methods of the present invention 

A therapeutically effective amount of a particular active agent administered to 
a given individual will, of course, be dependent on a number of fectors, including the 
concentration of the specific active agent, composition or dosage fonn, flie selected 
mode of administmtion, the age and general condition of the individual being treated 
the sex of the individual, the severity of the individual's condition, and other factors ' 
25 known to the prescribing physician. 

m apreferred embodiment, drug administration is on an as-needed basis and 
does not involve chronic drug administration. With an immediate release dosagl 
fomi. as-needed administration may involve drug administration immediately prior to 
commencement of an activity wherein suppression of pain would be desirable but 

wrll generally be in the rangeoffromaboutOminutes to aboutlOhoursprior'to such 
an activity, preferably in the range of from about 0 minutes to about 5 hours prior to 
such an activity, most preferably in the range of from about 0 minutes to about 3 
hour^pnortosuchanactivity. With a sustained release dosage form, a single dose 
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can provide therapeutic efficacy over an extended time period in the range of fiom 
about 1 hour to about 72 hours, typicaUy in the range of from about 8 hours to about 
48 hours, depending on the formulation. That is, fee release period may be varied by 
the selection and relative quantity of particular sustained release polymers. If 
5 necessary, however, drug administration may be earned out within the context of an 
bngoing dosage regimen, i.e., on a weekly basis, twice weekly, daily, etc. 

In another preferred embodiment, at least one detrimental side effect 
associated with single administration of an cc,8 subunit calcium chamiel modulator or 
a smooth muscle modulator is lessened by concurrent administration of an ofeS subunit 
) calcium channel modulator with a smooth muscle modulator. For example, side 
effects for oxybutynin, an antimuscarinic smooth muscle modulator, include dry 
mouth, sensitivity to bright light, bluixed vision, dry eyes, decreased sweating, 
flushing, upset stomach, constipation, and drowsiness. However, when admiidstered 
in combination with an subunit calcium channel modulator such as gabapentin, 
significantly less of each agent is needed to achieve therapeutic efficacy (e.g., less ' 
than the 5 mg dose of oxybutynin currently marketed in the United States and also 
less than the 2.5 mg dose of oxybutynin currently marketed in Europe). Because 
detrimental side effects are lessened, the present invention also has the benefit of 
improving patient compliance. 

Packaged Kits 

In another embodiment, a packaged kit is provided that contains the 
Phamiaceutical formulation to be administered, i.e., a phaimaceutical formulation 
containing a therapeuticaUy effective amount of an os,5 subunit calcium channel 
modulator in combination with one or more compounds with smooth muscle 
modulatory effects for treating pain, including neuropathic pain, nociceptive pain, 
chronic pelvic pain, and pain associated with specific disorders including interstitial 
cystitis, prostatitis, prostadynia, vulvar vestibuUtis, vulvodynia, functional abdominal 
pain syndrome, fimctional dyspepsia, and irritable bowel syndrome, a container, 
preferably sealed, for housing the formulation during storage and prior to use, md 
instructions for canying out drug administration in a mamier effective for treating 
pain, including neuropathic pain, nociceptive pain, chronic pelvic pain, and pain 
associated with specific disorders including interstitial cystitis, prostatitis, 
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pn.« vulvar vestibulitis, vulvodynia. Motional abdonuml pai. syudr„„e 
amotiona. dyspepsia. and Wublebowelsy^tome. The iasti^tions wiU .ypicaUy be 
™«en u^tious on a package iusert and/or on a label. Depending on fl.e typ. of 

^'-■^^^-'I'heintandedmodeofadministtation.theldtmayalsoincludea 
devxceforadministeringaefonnuMon. Populations „ay be any suitable 

fimnulations as describedherein. For example, fonnulationsmay be an oral dosage 
form contaming a unit dosage of a selected active agent. 

The Idt may contain multiple fonnulations of different dosages of the same 
agent, also contain multiple fonnulations of difie^rt active agents Tie 

fa. may contain fonnulations suitable for sequential, separate and/or simultaneous use 
m tieatiug pam. mcluding neuropathic pain, nociceptive pain. chn»io peMc pain, and 
pam a^ocated wrth specific disorders incl^Bng interstitial cystitis, prostatiti' 
pros^adyn.^ vulvar vestibuBtia. vulvodynia, Actional abd^ninal pain syndrome 
ftmctional dyspepsia, and irritable bowe, syndrome, and im*uctions for carrying ;u. 
2 .here the ftnnulations a,» administered se,uentiany. separately 

^--"..an eous.yi„treatingpai,includingneu,opa*^^ 
chrome pelvrc pam. and pain associated with specific disorders including interstitial 
oyatiti^ prostatitis, prostad^ vulvar vestibulitis, vuivodynia. iunctional abdominal 
pam syndr^ne. iuncti«,al dyspepsia, and irritable bowel syndrome 

^""^'"-y^— "'atoa.leas.onecomponen.selectedfiomanc^asubuni, 

Return channelmodu,atorandasmoothmusc,emod„lat„r-.acon.ainerhousingsail 
^mponen. or components during stot^ge and prior to administration; and instn^fions 

fcrcar^goutd^gadministraticnofant^subunitcalciumchannelmoduUtorwi,^ 
a smooth muscle modulator in a manner effective u, tieatpain. including neuropatT 
pam. nocrceptive pain, chronic pelvic pain, and pain associated with =,'ific dilr^s 
mcluchng m^tia. cystitis, prostatitis, j^stiulynia. vulvar vestibulitis. vulvod>^! 
ihnctional abdominal pain syndrom^ ^^^^ 

^e. Such a M. may be uselhl. fcr example, where tire subuni. calcium 
channel modulator or the smooth muscle modulator is already being administered to 

tir«and,headdi«o^componen.istobeaddedt„«repatient.sdn.greghnl 

S^ak.tnu.yalsobeuseMwherediffcrentindividuals(e.g..physiciansorothT 
m^ca. pro^sronals) are administering tire separate components of tire combination 
Of the present invention, 
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The parts of the kit may be independently held in one or more containers- 
such as bottles, syringes, plates. weUs, bUster packs, or any other type of 
pharmaceutical packaging. 



Insurance Claims 

In general, the processing of an insurance claim for the coverage of a given 
medical treatment or drug therapy involves notification of the insurance company or 
any other entity, that has issued the insurance policy against which the claim is being 
filed, that the medical treatment or drug ther^y will be performed. A determination 
is then made as to whether the medical treatment or drug therapy that wiU be 
perfomied is covered mider the terms of the policy. If covered, the claim is then 
processed, which can include payment, reimbursement, or application against a 
deductable. 

The present invention encompasses a method for pix)cessing an insurance • 
claim under an insurance poUcy for the tr^tment of pain using a compound with 
smooth muscle modulatory effects in combination with an 0,6 subunit calcium 
chamiel modulator or phaimaceutically acceptable salts, ester., amides, prodrugs or 
active metaboUtes thereof, wherein said combination of subunit calcium chamiel 
modulator and compound with smooth muscle modulatory effects or pharmaceutically 
acceptable salts, esters, amides, pix^drugs, or active metabolites thereo^are 
administered sequentially or concurrently in different compositions. This method 
comprises: 1) receiving notification that ti-eatinent using said compound witii smooth 
muscle modulatory effects in combination with an as,5 submnt calcium chamiel 
modulator or pharmaceutically acceptable salts, esters, amides, prodrugs or active 
metaboUtes thereof will be performed or notification of a prescription; 2) determining 
whether said ti:eatinent usmg said compound wifli smooth muscle modulatory effects 
m combination with an o^S subunit calcium channel modulator or phamiaceutically 
acceptable salts, esters, amides, prodrugs or active metabolites is covered under said 
msmrance poUcy; and 3) processing said claim for treatinent of pain using said 
compound with smooth muscle modulatory effects in combination with an c^8 subunit 
calcium chamiel modulator or pharmaceutically acceptable salts, ester., amides 
prodrugs, or active metabolites thereof, including payment, reimbursement, or ' 
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appUcation against a deductable. For use in this method, a particularly preferred OfeS 
subunit calcium channel modulator is gabapentin. while a particularly preferred 
compound with smooth muscle modulatory effects is oxybutynin. This method also 
encompasses the processing of claims for an 0^8 subunit calcium channel modulator. 
5 particularly gabapentin, or a compound with smooth muscle modulatory effects, 
particularly oxybutynin, when eiUier has been prescribed separately or concuireLtly 
for the treatment of pain. 

Many modifications and other embodiments of the inventions set forth herein 
will come to mind to one skilled in the art to which these inventions pertain having 
the benefit of the teachings presented in the foregoing descriptions and the associated 
drawings. Therefore, it is to be understood that the inventions are not to be limited to 
the specific embodiments disclosed and that modifications and other embodiments 
intended to be included within the scope of the appended embodiments. Although 
15 specific terms are employed herein, they are used in a genetic and descriptive sense 
only and not for purposes of limitation. 
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EXAMPLES 

Methods For Treating Pain T Jsin^ Submiit r.lHn», rH.^ el Mnd.l.t»^ w,-.^. 
Smooth Muscle Mndnlators 

The invention will be finther described in the following examples, which do 
not limit the scope of the invention described in the claims. The following examples 
Illustrate the effects of administration of a c^8 subunit calcium chamiel modulator, 
particularly gab^entin, with a compound with smooth muscle modulatory effects 
particularly oxybutynin, on well-accepted models for pain. Ih each of these examples 
a combination ofc^S submiit calcium chamiel modulator and compound with smooth ' 
muscle modulatory effects may be administered by any route of administration, 
including oraUy, intraduodenally, intravenously, subcuteaneously. intraperitoniaUy 
intrathecally, intradermally, and transdemiaUy. These models can be utilized to 
assess whether administration of said combination before insult can prevent pain or if 
administration of said combination after insult can stop pain. It is expected that iese 
results will demonstrate the efficacy of the combination of an c^8 submiit calcimn 
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chaxmel modulator with a confound with smooth muscle modulatory effects for 
treatment of pain. 

These meUio* mclude the u.e of weU.«=oepted model, for pafa, i„cludfag a.e 
spmal nerve Hgation ™,del of Kim and Chung (1992) Pai. 50:355-363. tte soiaHc 
nerve ligation model of Bennett and Xie (1988) PaM 33:87-107. the oarageenan- 
mduoed themial analgesia model of Winter et al, (1962) Proc. Soc. Exp. Bio & Med 

111: 554; the formalin pain model of Doak (1995) 281-3n-' 
the somatic pain modeb of Jarvia e, al. (2002) Proc. Natl. Acad. Sci. USA 99 17179 ' 

17184; the plantar incision model of Brem,an«<rf. (1996) /.oft. 64:493-501- the 
abdommalpaincomtrictionmodalofCoHier^,,/. 196Z Br. J. Phannaoo, 32.295 
310; tte noxious coWc distension model of Jarvis « (2002) Proc. Naa. Acai 
Sc.. USA 99:17179-17184; -d initative models using int^vesicaUy administeted 
acefc acid as described in SasaU « (2002) J. UroL 168: 1259-64 and Ilor and 
Katofiasc (1995) y Pto7»a«,;. 274. 

t 

cZr« 1 '^"'"-veness 
C<»b„a„.n Gabapentin and Oxybutynto for the Tr«.ment of N.nropa«Uc 

R-'^-='"vidcd into two groups. «>e receiving a L5/L6 spinal Hgation as 
descnbed in Kim and a.ung (1992) Paln 50:355-363 and other receiving a sham 
-^ery. Brtefly. rats are anesthetized wift halothane and the vertebrae over the L4 to 
S2 t^on a^ exposed lie 13 and W spmal ^ 

fghdy hgated wi«t 4-0 silk suhne distal ,0 fl» dotsal toot gangUon ("DRG") 
After ensuring homeostatic stability, the wounds are sututed. ^d the tats allowed .0 
recover m mdividnal cages. Sham-operated rats ate prepared in an identical manner 
«^tha.«.I3andL.spinalnervesa.notligated. Rats are tested for the ejects 
Of drugs on nocception 10-14 days later. Any nOs which show signs of motor 
aeticiency are not used in the study. 

Th=«»"-1 or combination gabapentin and oxybmynm are admmistered at a 
pre-det«mined time point foUowingthesutgeries. ADodynia and th«mal 

hyperalgesia arerespecdvelymeasured With VouFreyfflament, and tail-orpaw-flick 
wttharadiant heat source, lie aU«lyniaandthennalhype«.gesiameas„.ements are 
performed at Uaefonowing«n»poin.s-pri„.osmgery.foll„wingsu,ge,butpriort^ 
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the administration of control or combination gabapentin and oxybutynin and 
following surgery after the administration of control or combination gab^entin and 
oxybutyniiL 

Mechamoal allodyria is dctemuned m the mamer d«crib=d by Chaplan et al 
5 (1994) J. NeuroscL MeAoi, 53(l).55-63, wherein the paw withdrawal threshold is 
detenmned in response to p^bing with calibrated von Frey filaments, to this method 
the rats are s«sp«ded in eages having wire mesh floors. Von Frey filaments are ' 
apph«i peq^ndicularly to the plantar surface of flre rat's paw mrtil it buckles slightly 
and ,s held for about 3 to 6 seconds. A positive .esponse is indicated by a shatp or ' 
abrupt withdrawal of the paw The 50% paw withdtawal th^shold is detetmined by a 
non-parametric method, as is weU known to those skilled in (he ait 

Thermal hyperalgesia is drtemdned by focusing a radiant heat source onto the 
plantar surface of dre affected paw of nerve-Hgated or sham-op«ated rats. When a rat 
withdraws its paw, aphotodetection devices halts tte stimulus and the tuner A 
mammal cut-off time of 40 seconds is used to prevent tissue damage. Paw 
wrthdrawallatenciesarethnsdeterminedtotheneares.0.1 second ll,e withdrawal 
latency of sham-op^ted rats is compared to those of nerve-hgated rats to measure 
the degree of hyperalgesia. 

E«mple 2. Use of the Sciatic Nerve Ligatton M«lel f. Assess the EffecUveness 
of Combination Gabapentto and Ctaybutynia for the Treatment of Ne,m,pathlc 

Pain 

fteparation of the rat pain model bas«I on the constriction of the sciatic nerve 
IS perfomied by die method introduced by BeuAett snd Xie (1988) Pain 33 -87-107 
Bnefly, the rat is anesthetized withlp. injection of pentobarbital sodium at 40 mg*g. 
fte overlying skin is cut open; and the left bice^ femoris muscle is bluntly separated ' 
Thesciaticnerveisisolatedfromsutoundingtissues; itis gently constricted at (bur ' 
s-tes about 1 mm apart ftom each other by the use of surgical chromic gut sutures (4- 
0): the operated par. is closed; and the rat is returned to its cage for tufther feeding 
For the rat bel«,gi„g to the sham-surgery g,oup, the same opemtion is perfcnned ' 
otcept ttiat the sciatic nerve is left mitouohed. Two weeks ailer the surgery the 
response threshold to a mechanical stimulus consisting of touch with a von key 
filament is determined as foUows: the combination is administeted to the rat having 
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the sciatic nerve constricted; one hour later, von Frey hair, are applied against the foot 
pad (spots ranging fiom heel to the mid-point of foot) one after another in an 

ascending order oftheirstiffiiess; if the rat raises its foot whenacertainvonFrey hair 
IS apphed, the stimulus mtensity of that hair is taken as the response threshold 
5 (maximum stimulus intensity being 28. 84g). 

Example 3. Use of a Carrageenan-Induced Thermal Hyperalgesia Model to 
Assess the Effectiveness of Combination Gabapentin and Oxybutynin for fte 
Treatment of Acute Inflammatory Pain 

To investigate whether combination gabapentin and oxybutynin mediates 
hyperalgesia induced by inflammatory agents, rats receive intradermal 100 ^ 
mjections of a 1% solution of ^-caxrageenan or saline. Three and a half hours later 
the rats receive no treatment or of sterile water followed by combination gabapenti^ 
andoxybutyninorcontrol. Mechanical stimuli are applied 30 minutes later, and rats 
15 are observed for hyperalgesia using the RandaU-Selitto paw-withdrawal test. 

Example 4. Use of a Formalin Pain Model to Assess the Effectiveness of 
Combination Gabapentin and Oxybutynin for the Treatment of Inflammatory 
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Methods essentially as disclosed by Doak «/. (l995)Eur. J. Pharmacol 
28 1 :3 1 1 are used to detennine the effect of combination gabapentin and oxybutynin 
for the treatment of pain. Specifically. 25 ^ of O.50/0 fomialin solution is 
subcutaneously injected into tire left foot pad of the r.t. Tl.e combination gabapentin 
and oxybutynin is administered to the lat 30 minutes before the subcutaneous 
mj^tion of formalin. Rats are observed for nociceptive behavior, including flinching. 

hckmg or biting the injectedpaw.Suchbehavior is timed for its duration, and the 
cmnulative duration is recorded at five minute intervals. ITae nociceptive response 
observed witiun 1 0 minutes after the injection is tenned a first-phase response, while 
the response observed between 10 minutes and 45 minutes after the injection is 
temaed a second-phase response. The inhibitory effect of tixe combination gabapentin 
and oxybutynin on the nociceptive response induced by the fonnalin injection is 
calculated according to the following formula: 

Percent inhibition (%) -[(PRcontrol-PRtest)/PRconttDl].x.lOO 
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Wherein PRtest is the response time (sec) of the test group which receives formalin 
and ae combination gabapentin and oxybutynin, while PRcontol is the response time 
of the control group which receives formalin alone. 

5 Example 5. Use of Animal Pain Models to Assess the Effectiveness of 

Combination Gabapentin and Oxybutynin for the Treatment of Acute Somatic 
Pain 

Rats are treated with combination gabapentin and oxybutynin or control and 
tested for their response to acute somatic pain using models essentially as described in 
Jarvis et al (2002) Proc. Natl. Acad. Set USA 99:17179-17184. 

Briefly, the response to mechanical stimulation is measure using the Ugo 
Basxle analgesymeter (Comerio. Italy). In this model, rats are restrained while 

steadily mcreasing pressure is appUed to the dorsal surface ofahind paw viaadome- 
shaped plastic tip. The pressure at which the paw is withdrawn is recorded 

The response to acute thermal stimulation is detennined using a paw themial 
stmulator (UARDG, University of California, San Diego). Rats are allowed to 
habituate in Plexiglas cubicles maintained at 30'C. A thermal stimulus is appUed to 
the plantar surface of each hindpaw. Pain withdrawal tendencies are calculated as the 
mean of three sequential trials. 

Analgesia is meaaured using a ho^lat. aaaay. Mice a» placed on tte hotelate 
m mdividual enclosures and the latency until the 10* jump is mx,rded by disn,ption 
of a photoceU beam located 12.5 cm above the surftce of the ho4>late. Mice are 
removed after the earUeat of either 10 j«nps or 180 seconds, and the latency until the 
10 jump IS used for statistical analysis. 

Example 6. Use of the Plantar Incision Pain Model to Assess the Effectiveness of 
Combination Gabapentin and Oxybutynin for the Treatment of Postoperative 
Somatic Pain 

The Plantar Incision Model is performed essentially as described in Brennan e, 
ol. (1996) Pain 64:493-501. BHefly, a 1 -cm longitudinal meision is made through 
*m, ftscia and muscle of the plantar aspect of fl>e foot in anesthetized rats. Animals 
are tested for mechanical aUodynia using von Frey fflaments before surgery «rf for 6 
days afterwards. Animals are then administered combinatian gab.^ and 
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oxybutynin or control. A cumulative pain score based on the wdght-beaiing behavior 
of the animals is also utilized. 
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Example 7. Use of the Abdominal Constriction Pain Model to Assess the 
Effectiveness of Combination Gabapentin and Oxybntynin for the Treatment of 
Visceral Pain ' 

The modified test of Collier et al. 1968 Br. J. Pharmacol. 32:295-310 as 
described by Jarvis et al. (2002) Proc. Natl. Acad. Sci. USA 99:17179-17184 L used 
Bnefly, animals are administered combination gabapentin and oxybutynin or control 
pnor to injection with 0.3 ml of O.60/0 acetic acid in saline to evoke writhing. Hae 
number of abdominal constrictions is recorded from 5 to 20 min. after injection of 
acetic acid. Control animals are compared to freated animals for differences. 

Example 8. Use of the Noxions Colonic Distention Model to Assess the 

Effectiveness of Combination Gabapentin and Oxybulynm for the Treatment of 
Visceral Pain 

The colorectal distension model as described Jarvis et al. (2002) Proc Natl 
Acad.ScL ^^^99:17179-17184isusedtodeterminetheefficacyofcombination ' 
gabapentin and oxybutynin for treating visceral pain. Briefly, a latex balloon tied to 
Tygon tubmg is inserted intra-anaUy until the end of the balloon is 1 cm inside tlie 
rectum. The electromyogram signal is recorded duringphasic distentions and activity 
IS quantified. Three distentions are performed to establish a baseline response 
magmtude. Subsequently, the animals are anesthetized with halothane, and 1 ml 

zymosan(25mg/mlin30o/oethanol)ismtroducedintothedistalcolon. Threehours 
after the mtroduction of zymosan, toee phasic distentions are repeated to evaluate 
hyperalgesia. Immediately, combination gabapentin and oxybut>aiin or control is 
administered. ™:ty minutes later, three phasic distensions are repeated to determine" 
the efficacy of combmation gab^entin and oxybutynin for the treatment of visceral 
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Example 9. Use of the DUute Acetic Acid Irritative Model to Assess the 
Effectiveness of Combination Gabapentin and Oxybutynm for the Treatment of 
Pain 



^ Objective and RatinnalA 

The objective of this study was to detemiine the ability of an or^S subunit 
Qalcium chamiel modulator in combination with a smooth muscle modulator to 
reverse tiie reduction in bladder capacity seen following continuous infusion of dilute 
acetic acid, an imtative model. ^ particular, the current study utilized gabapentin as 
10 an exemplary a,8 subunit calcimn chamxel modulator, and oxybutynin as an 
exemplary a smooth muscle modulator. 

Material s and Mftthnric 

Urethane anesthetized (1.2 g/kg) nonnal female lats were utilized in this 
study. Groups of rats were treated with oxybutynin alone (n=13), gabapentin alone 
(n-1 1), and respective dose-matched combinations of oxybutynin and gabapentin 
(n-1 1). Subsequently, three series at markedly lower doses and at different dose 
ratios were performed for the purposes of isobologram constmction (n=^/group) 
Cmnulative dose-response protocols were utilized with half log increments for aU 



15 



20 studies 



25 



Drugs and P reparation 

Drugs were dissolved in normal saline at 1, 3 and 10 mg/ml for oxybutynin 
andSO. 100 andSOOmg/ml for gabapentin. m these studies, individual doses and 
combmations may be subsequently refeired to as Low, Mid and High. 

Subsequent shidies aimed at isobologram construction combined the drugs in 
dose combinations as shown in the table below (low. middle and high doses for each 
drug paned). Animals were dosed by volume of injection = body weight in kg 
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Table 1; Isobologram Dose Combinations (mg/kg) 



Isobologram Dose 
Combmations 


CotnbinatioTi 1 

(n=4) 


^omomation 2 
(n=4) 


Combination 3 
(n=4) 


Oxybutynin 


lol, 0.3. 1.0 


0.1, 0.3, 1.0 


^0.03, 0.1, 0.3 


Ciabapentdn i 


10, 3.0, 10.0 


3.0, 10.0, 30.0 


3.0, 10.0, 30.0 
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Acute Anes thetized Tn Viyp Mnrt^l 

An6n^I'r^a^„.. Fen»Ie xats (250-300 g body wdgh.) were anesftefeed 
w,tt unrthane (1.2 g*g) a„d a aaline-fflled oatteter (PE-50) was toserted into a,e 

jugular vein fbrin.rav«»„adn.gadnunfa.ra«<».ViaamidU„e lower abdominal 
^n. a flared-apped PE 50 oaU,e.er was inserted into fte bladder dome for bUdd. 

fimngandpressurereoording. ^.e abdominal cavity was moistened wim saline and 
Closed by covering with a thin plastic sheet in order to maintain access to .he bladder 
for emptymg puq^oses. Fine silver or stainless steel wire electrodes were inserted into 
the external „e,tal sphincter (EUS)percu,aneously for electromyography (EMG). 

■E'/'^*"-"^^«*«.-SaIinewascontinuouslyinftseda,arateof0055 
ml/mm via the bladder-fiUing catheter for 60 minutes to obtain a baseline of lower 

tract activity (continuous cystometry; CMG). FoUowing the cont.1 period, a 
0.25 /. ac^c acrd soMon in sahne was infused into the bidder a, the same flow rate 
to mduce bl^Her initadon. FoUowing 30 minutes of AA inlUsion. 3 vehicle 
uflcchons were made a, 20 minute intervals to detennine vehicle effects, if any 
S*™-. mcreasing doses of a selected active agent, or combination of age«s. a, 
talf ^g mcements were administered intravenously at 30 minute intervals in !rder to 
co,^ a cumulative dose-response reMonship. At «re end of a» control saHne 
Jtometryperiod. the third vehicle, and 20 minutes foUowing each subsequent 
treatment, the infusion pump was stopped, the bhdder was emptied by fluid 

withdrawal via the infusion catheter andasingleffllingeystometrogram was 
peribnned at tie same flow rato in order to detennine changes in bladder capacity 
caused by the initation protocol and subsequent in^enous drug administt^on 
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Data Agaly sija 

Imtafon, and ta ad« was u«d as tte measure of efficacy. Data &om 
5 e,ve™neMs in which each of tte drugs were adrmuistered alcne were uaii^ ^ 
or««e theoretical populations of additive effects for each dose (low. nnd and hi*) 
and ttae w«e compared by one-tailed ...est (individual dose comparisons) and by 2- 
ANOVA (across doses) u> «,e acnral combination drug data. Il„ ml a.^ 
devrations of e^h individual .r.ah„en.-s ..dose-ma.ched" flow, middle, and 
>ug,) responses were added .ogefter .o estimate ,l.e mean and standard deviation of 
U.e theor^cal additive populations for which .o compare to actiral data obWned 
fiom ti.e combination eKperimen.s. Ihe fl«,retical additive effect popuUtion N = 

1X0.050 was considered significan.. 'Onlyrats 

tha.showedbe.weena50-90%reductioninbladdercapaci.y a. tte ted vehicle 
measm«n«« when compared U> pre-irritation sahne conh.1 values were utihzed for 
numencal analyses. 

'^'^ '=-*"^«<'n consisted of ^vo methods, both utilizing tire same 

butplottingtireresults either as gt^up means orbymdivrdual responses. When 
group mean data, the common maxhnal eff«. reached by bofl. drugs alone 
sMtt-e combmahons hsted in tire above table was a return to 43% of saline control 

bladder c^acrty values. Whenutihzingindividual responses ibrbo^ 
the combmatioas Usted in tire above table a,, , , 

Th^L, , ^ "*™'*'«'***«S«"'>l'»was31%ofsalineconlrol. 
These low values reflect tire modes, effective ofo>^^ 

drug, regardless of whettKT alone or in combinatioa 
Results afa ^onelnri«i.» 

(n-ll) and tire^matehed combinations (e.g. Dose 1 for tire combination was 30 

m^gabapentinand 1 n>g*goxybu.ynin;n=n) on bladder capacity is depicted in 
Frgure L Da^ a.. n„^i^ ^ ^ ^ ^ ^ 

(n-1 1) "T"""™ of oxybutynin (n-ls). gabapentin' 

(n-U) and tire^matched combinations (e.g. Dose 1 for tire combmation was 30 
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mg/kg gabapentin and 1 mg^g oxybutynin; n=l 1) on bladder capacity (nonnalized to 
% Recovery from Iixitation) is depicted in Figure 2. Note that the combination of 
drugs produced a greater than additive effect at the Low (P=0.003 1) and Mid doses 
(P=0.0403). on reduction in bladder capacity caused by continuous intravesical 
> exposure to dilute acetic acid. Synergy is also suggested by significant differences 
between Additive and Combination effects by 2-Way ANOVA (P=0.0046). Data are 
presented as Mean ± SEM. 

Results of tte isobologram studies as detenmned by utUizing gro,^ means to 
detenaine effective doses is depicted in Figure 3. Using this technique, the connnon 
maxnnal effect for either drug alone was i«um to 43«/o of saline control. The line 
connecting the two axes at the effiKtive dose for each drag alone repn^ents 
theoretical additivity. The three isolated points clustered in the lower left field of the 
gr^h below the line of additivity represent the dose ranges ftom three sets of 
e-cpenmentsntiliziaglow^ ratios of drag combmations. As can be readily 

vmalized by this isobologram, dramadcally lower dosesofboth drags were required 
m combination to achieve the same endpoint as either drag alone. 

A common maximal effect of individual animals was detetunned (a retum to 
31«/, of saline control values; Figure 4). Using this appK,ach, it was possible to show 
*at no overlap existed between the doses of oxybut,™, alone and those used in the 
.sobologram combination studies in tera,s of standard deviation, and that aU e&otive 
combmation ranges of oxybutynin were significantly lower than the range of 
oxybutynin alone. Similarly, the effective ranges of gabapentin used in the 
combmations were significantly lower than wh« gabapentin was used alone. Data 
are presented as Mean ± SD. 

The abiUty of an <%S subunit cdcium cham»l modulator in combination with a 
smoothmusole modulator to produce a dramatic reversal in acetic acid irritaHon- 
mduced reduction in bladder edacity strongly indicates efficacy for treating pain 
mcludingn™xopalhicpdn.nocicepfivepain, chronic pelvic pain, and pain associated 
with specfic disorders including interstitial cysdtis. prostatitis. pn,stadynia. vulvar 
v^buhtis, vulvodynia. functional abdominal pain syndrome, ftoctionaj dyspepsia, 
and mrtable bowel syndmme. Furtherarore, the combination of an os« subunit 
calcum channel modulator and a smooth muscle modulator produced a synergistic 
effect that was greater than what would be expected if the effects wete simply 
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additive, and also demonstrated efficacy using amounts of the individual agents that 
are much lower than would be expected to produce an effect if the agents were 
administered singly. 

5 Example 2 - Pharmacokinetic Analysis: Gabapentin and Oxybutynin 
Obiective and Ratinnala 

The purpose of this study was to determine concentrations of gabapentin 
oxybutynin and desethyl oxybutynin in rat plasma samples over a 2 hour period ' 
following either 3 mg/kg oxybutynin, 100 mg/kg gabapentin, or the combination of 
those 2 drugs at those doses using a Uquid chromatography with tandem mass 
spectrometric detection (LC/MS/MS) method. 

Materials and Methndis 

Urethane anesthetized (1.2 g/kg) nonnal female i^ts were utilized in this 
study. Groxq,s of rats were treated with oxybutynin alone (n=6). gabapentin alone 
(n-8), and respective despatched combinations of oxybutynin and gabapentin 
(n=8). 
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Drugs and Prppg»-o^»« 

Drugs were dissolved in normal saline at 3 mg/ml for oxybutynin and 100 
mg/ml for gabapentin. Animals were dosed by volume of injection = body weight in 



kg. 



Pharmacokin«>fi c In Vfvn PrAp o^o*.v.^ 

Animal Preparation: Female rats (250-300 g body weight) were anesthetized 
with urethane (1 .2 g/kg) and a saline-filled catheter (PE-50) was inserted into the 
jugular vem for intravenous drug administration. 

Experimental Design: Plasma samples (200 yd; K3 EDTA) were taken on ice 
at 4 tmie points (15, 30 60 and 120 minutes) following intravenous drug 
administration. Samples were spun at 1 600 RPM for 7 minutes, plasma was drawn 
off and stored at -80 C until chromatographic analysis. 
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Internal Standards: Oxybutynin-Du chloride and baclofen were used as 
intiemal standards. 

MefliodSun^n.^ LCffllS/MS Sample Andysis 



Anal 

latemal Standard (ISTD) 



Matrix 
Extraction 



LC/MS/MS Instrumentation 



Ionization Mode 



^bapentin, Oxyhu^ Desethv^^jj^ 
Baclofen and Qxybutynin-Di, 



Rat plasma (K3 EDTA) 



Protein precipitation 



SciexAPI-3000 



Stock Sol ution Prepflrafir.r> 

Solution ID 



positive 



GabapentiQ 



Oxybutynin 



Desethyloxybutynin 



Baclofen stock 



Qxybutynin-Dii stock 



Stock Concentration 



200 MR/mL 



200 ug/mL 



200 ^fi/mL 



100[ig/mL 



100 Ufi/mL 



Solvent 



MeOH 



ACN 



ACN 



MeOH 



ACN 



Preparation 



Working 
Solution ID 



Initial STD 



Working-IS 



of Intennediate ■St.nd.rd nnd Intem.l .^t..^... Worldna .^.in^.^. 

Source Snmw I T?; i I ^ i 



3 



Source Solution ID 



Gabapentin stock 
Oxybutynin stock 
Desethyloxybuty- 
nin stock 



Baclofen stock 
Oxybutynin-Da 
stock 



Source 
Solution 
Concentration 
(^g/mL) 



Source 
Solution 
Volimie 
(mL) 



PreparatioTi of Calihratint. gfo^^..^^ 




Working 
Solution ID 



STD-1 



STD-2 



STD.3 



STD-4 



STD-S 



STD-6 



STD.7 



Source 
Solution ID 



Initial STD 



STD-1 



STD-1 



STD-3 



STD-4 



STD-S 
^TD.6 



Source 
Solution 
Concentration 
(|iig/mL) 



16.0 



4.00 



1.00 



0.250 



0.063 



0.016 
0.004 



Source 
Solution 
Volume 

(mL) 



0.050 



Final 
Total 
Volume 
(mL) 



0.050 



0.050 



0.050 



0.050 



0.200 



0.200 



0.200 



0.200 



0.050 
0.050 



0.200 



0.200 
0.200 



Final 
Solution 
Concentration 



4000 



1000 



250 



Matrix 



Rat plasma 



62.5 



15.6 



3.91 
0.977 



Rat plasma 



Rat plasma 
Rat plasma 



Rat plasma 



Rat plasma 
Ratplasma 



All stock solutions and working internal standard were stored at a-S^C Initial 
standard was stored frozen at approximatrely-20°C. 
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Extraction Procedure 




Vortex-mix all tubes for 30 sf^.rr.„A. 



Centrifuge at 2«uo rpm for t CU^^i^^^^jzr- 

^^^"^ ^eTuDggatent to a second 96-wen ^n^T^ 



Column 



Mobile Phase A 



Mobile Phase B 



RunTime 



Chromatog raphic Condit inw^^ 

sis 0.\ SI /I ii*v, <A o -« • — 



Genesis CIS, 4 urn, 50 x 21 
0> 1 % formic acid in water. 




Instrument 



Ionization Mode 



Polarity 



Scan Function 
Parameters 



Mass Spectrometric Conditinn^ p^/^^ 



API 3000 

Turbolonspray ' 

Positive 

Multiple Re action Monitoring (MKM\ 



Deselhyloxybutynin 



_NEB - Nebulizer Gas 
CUR- Curtain Gflg 
CAD - Collision Hag 
Resolution 
Software 

Regression (weightinf 



Gabapentin 



Baclofen 



Oxybutynin- 
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Calculations: Calculations were performed using Excel Ver^ior, « n c 
^or^^valu.. ,.erin.el. 

^-thereporttablesduetotfaeroundingthathasbeenapplied 

Pharmacokinetic Analysis: The maximum concentration (C )inr.t 
and the time to reach maximum concentration rr ^ ^^^^^ m rat plasma 

inspectionoftherawdata Phannrrt" "^"^ "^"^ 

raw data. Phaimacokmetic parameters calculated included half-life 
(ti/2).tmie to maximum plasma concentration rr % . ^eanaitufe 

*i ^ ™°°(-'^^)' area under the concentration 

time curve from time 0 to the last time point rATTr . . oncenti-ation- 

1 0 time curve from 0 to infinity (AUG T concent^tion- 
(CL) PharmacnH 

Results anrt ConclllQinnc 

profiles was no. weU defined. Based on tt.e oon^son of C™ A„r^ 7 
'^°"''"'^"«5^(Table3),ft.pha™aookineHoparamete,.rc AITr 

For desethyloxybutynin (Table 4), the eltoinaaon Phase of ,h,.„ ^ • 
vs. etae p^file was no. wen defined. However o,^^^ 

AUCo., da.a, ttere again appea„», to be n„ . ""^^ C™. and 

smi appeared to be no appreciable difSmaKe betareen 
oxyb«ynin(Oxy)g„np.ndfl.econ*inad„n(Con.)g»„p ""^'^'^ 

i^uen^ird^rrrrrLt:'*^*—^"^ 

^-SaBapenfinoon.b«onassrrp.r~ 
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Table 2 

Pharmacokinetic parameters for gabapentin in rat plasma 



TVeatment Animal 



Dose Level 



(ng/mL) 



(minutes) 



AUCoK 
(min*ng/mL) 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Gab 
Gab 
Gab 
Gab 
Gab 
Gab 
Gab 
Gab 

Mean 
SD 



7 
8 
9 
10 
11 
20 
23 
24 



4 
5 
6 
12 
13 
14 
17 
21 



AUCo.«> 
_(min*nfi/mL) 



100 
100 
100 
100 
100 
100 
100 
100 



100 
100 
100 
100 
100 
100 
100 
100 



1.13E-H)5 
l.OlE+05 
9.33E+04 
1.03B+05 
1.56E+05 
l.OOB+05 
1.12E+05 
1.03E+05 

l.lOE+05 
1.96E+04 

1.07E-f05 
1.12E+05 
1.07E+05 
l.lOE+05 
9^2E+04 
1.23E+05 
•3.45E+01 
3.59B404 

9.86E+04 
2.88E+04 



tin 
(minutes) 



60 
30 
15 
15 
60 
15 
15 
30 



15 
15 
15 
15 
15 
120 
120 
30 



(mL/kg) 



1.26E+07 
1.08E+07 
1.05E-K)7 
8.76E+06 
1.40E+07 
1.07E-K)7 
l.lOE+07 
1.16E+07 

1.13E-H)7 
L56E+06 

I.25E+07 
1.02E+07 
8.56E+06 
l.OlE+07 
8.19E+06 
1.28E+07 
♦2.12E+03 
3.80E+06 

9.45E+06 
. 3.05E+06 



CL 
(miymin/kg) 



AUCo-o. 

AUQm 

CL 

NA 

NC 

SD 

tin 

T«« 

V. 

« 



NC 
4.59E+07 
7.06E+07 
1.51E+07 

NC 

NC 
4.39E+07 

NC 

439E+07 
2.27E+07 

NC 
1.95E+07 
1.37E+07 
2.19E-K)7 
1.44E-K)7 

NC 

NC 
I.16E+07 

1.62E+07 
4.32E+06 



NC 
303 
519 
97.3 
NC 
NC 
296 
NC 

304 
172 

NC 
116 

86.2 
135 

99.4 

NC 

NC 

205 

128 
46.7 



NC 
951 
1060 
928 
. NC 
NC 
975 
NC 

978 
57.4 

NC 
857 
910 
890 
996 
NC 
NC 
2555 

1242 
736 



Area under the plasma concentration-time curve up to infinity 
Aj^dc^theplasmaconce^^^^^ 

Maximum plasma concentration. 
Not applicable. 

Not calculated due to insufficient elimination phase data 
Standard deviation. ««^uttm. 
Observed elimination half-life. 
Time to maximum concentration. 
Volume of distribution. 

Outliers, Excluded from mean and SD calculations. 



NC 
2.18 
1.42 
6.61 
NC 
NC 
2.28 
NC 

3.12 
2.36 

NC 

5.12 

7.32 

4.57 

6.95 

NC 

NC 

8.63 

6.52 
1.66 
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T^tment Animal 



Table 3 

Pharmacokinetic parameters for oxybutynin in rat plasma 

Dose Level 
Cmg/kg) (ne/mL) 



AUQw 



AUCo- 



tl/2 



(minute s) ton*ng/mL) (minWi;;L) (minutest frJ^n^^y 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Oxy 
Oxy 
Oxy 
Oxy 
Oxy 
Oxy 

Mean 
SD 



7 
8 
9 
10 
11 
20 
23 
24 



1 
2 
3 
15 
16 
18 



3 
3 
3 
3 
3 
3 
3 
3 



3 
3 
3 
3 
3 
3 



320 
360 
248 
316 
282 
367 
342 
295 

316 
40.4 

228 
448 
238 
217 
419 
426 

329 
112 



15 
15 
15 
15 
15 
15 
15 
15 



15 
15 
15 
15 
15 
15 



22152 
20737 
16201 
18387 
16057 
21889 
19405 
17222 

19006 
2435 

15566 
24555 
12865 
15880 
23333 
28295 

20082 
6135 



AUCa.« 

AUCo.1 

CL 

CfBMt 

NA 
NO 
SD 

tm 

Xnax 



Area under the plasma concentmtion-time 
Area under the plasma concentration-time 
Clearance. 

Maximum plasma concentration. 
Not applicable. 
Not calculated due to ii 
Standard deviation. 
Observed elimination half-life. 
Time to maximum concentration. 
Volume of distribution. 



28177 
23114 
19116 
20541 
18295 
26725 
21702 
19529 

22150 
3624 

21438 
28547 
14181 
20477 
24944 
38044 

24605 
8149 



curve up to infinity. 

curve up to the last sampling time with measurable concentrations. 



data. 



CL 



24.6 


3774 


lUo 


39.3 


7363 


iDfJ 


45.5 


10301 


1 J / 


39.9 


8411 


146 


43.3 


10252 


164 


53.0 


8590 


1 12, 


41.5 


8270 




41.2 


9136 


154 


41.0 


8262 


138 


7.97 


2069 


20.9 


72.8 


14701 


140 


55.6 


8425 


105 


39.8 


12158 


212 


56.8 


12004 


147 


32.5 


5632 


120 


66.9 


7612 


78.9 


54 


10089 


134 


15.5 


3405 


45.3 
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Table 4 

Pharmacokinetic parameters for desethyl oxybutynin in rat plasma 



Treatment -Animal 



Dose Level 
(mg^g) 



Cmax 

(ng/mL) 



(minutes) 



AUCo.1 
Jmm*ng/mL) 



AUC0.00 
(min^ng^mL) 



Com 
Com 
Com 
Com 
Com 
Com 
Com 
Com 

Mean 
SD 

Oxy 
Qxy 
Oxy 
Oxy 
Oxy 
Oxy 

Mean 
SD 



tl/2 

(minutes) 



7 
8 
9 
10 
11 
20 
23 
24 



1 
2 
3 
15 
16 
18 



3 
3 
3 
3 
3 
3 
3 
3 



3 
3 
3 
3 
3 
3 



1.19 
1.15 
1.57 
1.71 
1.47 
3.84 
3.23 
1.80 

2.00 
0.99 

3.6 
1.55 

1.7 
1.18 
1.59 
2.81 

2.07 
0.93 



15 
15 
30 
15 
15 
15 
15 
15 



15 
15 
15 
60 
15 
120 



68.0 
65.5 
176 
163 
80.9 
345 
264 
177 

168 
99.1 

306 
47.7 
53.4 
69.7 
83.9 
306 

144 
126 



471 
495 
877 
404 
301 
880 
493 
442 

545 
215 

716 

99 

92 
NC 
247 
NC 

289 
293 



AUCouo. 

AUCoH 

CL 

NA 
NC 
SD 
tm 

Tftm 



Area under the plasma concentration-time 
Area under fte plasma concentration-time 
Clearance. 

Maximum plasma concentration. 
Not applicable. 
Not calculated due to 
Standard deviation. 
Observed elimination half-life. 
Time to maximum concentration 
Volume of distribution. 



266 

292 

365 

167 

133 

158 

113 

160 

207 
89.7 

158 
32.0 
24.4 

NC 
100 
NC 

78.6 
62.9 



2444603 

2551693 

1801875 

1788610 

1907790 

776714 

992758 

1563846 

1728486 
621739 

954133 
1392698 
1 142356 

NC 
1754810 

NC 

1310999 
346139 



curve up to infinity. 

curve up to fte last sampUng time with measurable concentrations. 



ledata. 



CL 
(niiymin/k|t) 



6370 
6066 
3420 
7426 
9965 
3408 
6088 
6788 

6191 
2125 

4191 
30168 
32463 

NC 
12124 

NC 

19737 
13789 



AU publications and patent appUcations mentioned in the specification are 
indicative of &e level of those skilled in ttie art to which this invention pertains All 
pubhcations and patent applications are herein incorporated by reference to the 
extent as if each individual publication or patent appUcation was specifically and 
individually indicated to be incorporated by reference. 



same 
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